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PREFACE 
I n  r e c e n t  y e a r s ,  a t t e m p t s  h a v e  been made t o  develop numer ica l  models 
f o r  uns teady  f l o w s  i n  channe l s  wi th  sediment t r a n s p o r t .  The work p r e s e n t e d  
i n  R e p o r t s  KH-R-43A and KH-R-43B w a s  conducted t o  a n a l y z e  two e s s e n t i a l  
i n g r e d i e n t s  of any numer ica l  model: t h e  r e l a t i o n s h i p  between t h e  h y d r a u l i c  
v a r i a b l e s  ( s l o p e ,  d e p t h ,  and v e l o c i t y ) ,  and t h e  p r e d i c t o r  of sediment  
c o n c e n t r a t i o n .  
Report  KH-R-43A p r e s e n t s  a d e t a i l e d  a n a l y s i s  of t h e  two components 
and examines t h e i r  r o l e  i n  numer ica l  modeling. S ix  h y d r a u l i c  r e l a t i o n s h i p s  
and 1 3  sediment  c o n c e n t r a t i o n  p r e d i c t o r s  a r e  examined and compared. New 
r e l a t i o n s h i p s  a r e  t h e n  developed which appear  t o  b e  more a c c u r a t e  t h a n  t h e  
e x i s t i n g  t echn iques .  F i n a l l y ,  t h e  new r e l a t i o n s h i p s  a r e  u t i l i z e d  i n  a 
numer ica l  uns teady  f l o w ,  moveable bed model which u s e s  a f our- point  i m p l i c t  
f i n i t e  d i f f e r e n c e  s o l u t i o n  scheme. 
The d a t a  b a s e  u t i l i z e d  i n  t h e  f i r s t  r e p o r t  i s  p r e s e n t e d  i n  Report  
KH-R-43B. The d a t a  b a s e  c o n t a i n s  7,027 r e c o r d s  (5 ,263 l a b o r a t o r y  r e c o r d s  
and 1 ,764 f i e l d  r e c o r d s ) ,  i n  77 d a t a  f i l e s .  Not a l l  r e c o r d s  were used i n  
t h e  f i n a l  a n a l y s e s ,  b u t  t h e y  have  been i n c l u d e d  i n  a n  a t t e m p t  t o  p rov ide  a 
h i s t o r i c a l l y  complete  set of a l l u v i a l  channel  o b s e r v a t i o n s .  
The m a t e r i a l  p r e s e n t e d  i n  t h e s e  r e p o r t s  i s  e s s e n t i a l l y  t h e  same a s  
t h e  t h e s i s  submi t t ed  by t h e  a u t h o r  i n  p a r t i a l  f u l f i l l m e n t  of t h e  r e q u i r e-  
ments f o r  t h e  d e g r e e  of Doctor  of Phi losophy.  A common l ist  of r e f e r e n c e s ,  
wi th  d a t a  s o u r c e s  s e p a r a t e d  f rom o t h e r  r e f e r e n c e s ,  h a s  been i n c l u d e d  i n  






ACP - ACOP Data of Mahmood e t  a l .  (1979) 
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Data of Samide (1971) 
OAK - Oak Creek Data of Milhous (1969) 
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RED - Red R i v e r  Data of T o f f a l e t i  (1968) 
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SNK - Snake and Clea rwate r  R i v e r  Data of S e i t z  (1976) 
TRI - T r i n i t y  River  Data of Knott  (1974) 
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INTRODUCTION 
Alluvial channel observations, for both laboratory and field 
conditions, which have been collected throughout the twentieth century 
have been reproduced in this report in a standard format, This data 
collection was inspired by the data compendium of Peterson and Howells 
(1973)- The new effort includes corrections of errors in the earlier 
comdendium; ommision of inappropriate entries; and the addition of 
approximately 2500 new records, each of which consists of observations 
of 10 basic parameters, The data is available in a computer 
recognizable format through the William M. Keck Laboratory of 
Hydraulics at the California Institute of Technology, 
Peterson and Howells (1973) are to be commended for taking the 
first step toward the development of a computerized data base, The task 
of locating data and reducing it to a common set of variables and units 
requires long hours of tedious work, The data collection of Peterson 
and Howells is essentially an update of the data collection of Johnson 
(1943). 
Before any data set can be used with total satisfaction, all errors 
must be eliminated. A careful, item-by-item check suggests that four 
types of errors were made in the preparation of the Peterson and Howells 
(1973) compendium: 
(1) Incorrect individual entries -- these entries usually have 
incorrectly ordered digits or misplaced decimal points. 
(2) Conversion errors -- errors made in converting the data to a 
standard format, typically involving conversion of transport 
rates to sediment concentrations, 
(3) Misinterpretation of data -- this error usually involved whole 
columns of data, and probably occurred as a result of 
confusing notation in the data source, 
( 4 )  Source errors -- errors originating from incorrect original 
publication of data, discovered by checks on internal 
consistency , 
Also encountered were omissions of entries such as bed form and the 
gradation parameter (geometric standard deviation of bed particle size), 
which could be determined from the original data sources, even though 
they were not explicitly stated. 
The following is a description of some of the apparent errors that 
were encountered, In the data of Sato, Kikkawa, and Ashida (1958) the 
grain size given in centimeters was read as millimeters, Therefore the 
values of the median sediment size given by Peterson and Howells must 
all be multiplied by 10 to obtain the correct values for this data set, 
The Straub (1954,1958) data set contains 3 concentration values which 
are a factor of 10 too high, For the data sets of Abdel-Aal and of 
Kalkanis (Abdel-Aal, 1972), and Vanoni and Hwang (1967), the values 
given for discharge are really flow velocity, and the slope and depth 
entries are interchanged, An incorrect interpretation of the transport 
rate of the Williams (1970) data as being given in dry unit weight per 
time instead of submerged weight resulted in an error of about 60 
percent in the sediment concentration readings, The transport rate for 
the Indian Canal data (Chaudhry, Smith, and Vigil, 1970), given in 
metric tons, was read as English short tons, causing a 12 percent error 
in sediment concentration, 
In the development of a new data base from the Peterson and Howells 
(1973) compendium, a few sets of data where omitted, while many others 
were added, The sets were omitted either because the data were not 
applicable (one set of data was for transport of sludge), or because 
important variables were unavailable (one set contained no slope 
measurements). The sets that were added included newer data 
(e,g, Willis, 1979) and a large quantity of field data, such as the 
Colorado River data (U.S. Bureau of Reclamation, 1958) and the Rio 
Grande (Nordin and Beverage, 1965) data. 
At this point it is worthwhile to define a few terms related to 
sediment transport, as used in this report. 
Sediment concentration is the ratio of the sediment discharge to 
the discharge of the water-sediment mixture, both expressed in terms of 
mass per unit time, usually given as parts per million (ppm). For 
practical reasons, the density of the water-sediment mixture is taken to 
be approximately equivalent to the density of the water, This 
approximation will cause errors of less than one percent for 
concentrations less than 16,000 ppm, In this report, the concentration 
is used as a depth- and time-averaged (i,e, mean) value, unless 
specified otherwise. 
Sediment load or total sediment load is the material being 
transported. The sediment load can be divided into wash load and 
bed-material load, The wash load is the fine material of sizes which 
are not found in appreciable quantities on the bed, and is not 
considered to be dependent on the local hydraulics of the flow, As a 
practical definition, the wash load is considered to be the fraction of 
the sediment load finer than 0,062 mm, The bed-material load is the 
material of sizes which are found in appreciable quantities on the bed, 
The bed-material load can be conceptually divided into the bed load 
(that portion of the load that moves near the bed) and the suspended 
load (that portion of the load that moves in suspension), although the 
division is not precise, 
Sediment transport rate is equivalent to the sediment discharge, 
which is expressed as mass per unit time, 
The concentrations given in the data set and predicted by the 
transport formulas are for the bed-material load, including both bed 
load and suspended load, From this point onward the term concentration 
will refer to the bed-material-load concentration. Under field 
conditions this quantity is very difficult to measure; often the bed 
load portion is left unmeasured and must be estimated, In some cases, 
such as for some of the data of Mahmood et al, (1979), the estimated 
portion of the load may represent 80 percent of the concentration. In 
the case of the NEDECO (1973) data, the sampling procedure included 
material as fine as 0.05 mm, instead of the usual cutoff of 0,062 mm. 
Ten variables, including bed form codes, are given for each 
observation, Bed form classifications are as given by Vanoni (1975, 
p, 160), Actual flume measurements, without adjustment for sidewall 
roughness, are given in the tables. 
While great care has been taken to reduce all data sets to common 
variables, in some cases it was not possible to achieve complete 
consistency between data sets, Space limitations do not permit a 
detailed account of all of the procedures and assumptions that were used 
to reduce each data set to common terms, Potential users of the data 
base are urged to consult the original sources of the data, 
A listing of the data set is given in this report. The data is 
listed according to a standard format, and the number of digits given 
does not reflect the accuracy of the measurements, In some cases 
conversion from one system of measurement to another has created a large 
number of nonzero digits in individual entries, Where no data are 
available, a value of negative one (-1) is given. 
The following information is provided, in a format similar to the 








Water discharge in liters per second. 
Channel width in meters, taken as the top width for 
field channels, unless only a portion of the cross 
section was measured, in which case the width of the 
measured area is given. 
r;nergy slope times 1000, 
Median particle size of the bed material in 
millimeters, 
Geometric standard deviation of bed-particle size, 
o . 5 ( ~ ~ ~  /Dso + D ~ ~ / D ~ ~ )  
Specific gravity of bed particles. 
tioncentration of the bed-material load (does not 
include wash load), in ppm by mass. I 
Temperature in degrees Celsius. 
bed form, according to the definition given in 
Vanoni (1975, p. l6O),  given by the code$ 
Not observed 










Detailed descriptions of the experimental procedures of each 
investigator are not provided here. Sources for the investigations 
conducted within the past 40 years can be obtained through most 
engineering or hydraulics libraries, Detailed descriptions of 
experimental procedures for work condu~ted prior to 1940 can be found in 
Johnson (1943). 
Bed form information is based on the authors' descriptions of bed 
conditions, and when available, photographs and diagrams. 
Uniform flow conditions are assumed for all runs except for the 
experiments of Gilbert (1914). For these historic experiments, the 
water surface slope was only measured for a small number of the runs, 
whereas bed slope was always measured. Therefore, three sets of Gilbert 
(1914) data have been provided, Set GIL contains all 889 records made 
for straight channels (some curved channel experiments were also 
conducted) where the slope given is bed slope, Where water surface 
slope was recorded along with bed slope, the energy slope has been 
calculated by the writer, and given in set GKA which is actually a 
subset of the observations given in set GIL. An even smaller subset 
consists of observation where the water surface slope differed by less 
than 10 percent from the bed slope, Flow conditions for these runs are 
considered to be uniform and are given in set GKB, where again energy 
slope has been provided, 
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FIELD DATA 
The c o l l e c t i o n  of f i e l d  d a t a  i s  o f t e n  a  d i f f i c u l t  and p a i n s t a k i n g  
procedure .  The r e d u c t i o n  of a s e t  of o b s e r v a t i o n s  t o  1 0  c r o s s- s e c t i o n a l l y  
averaged  paramete rs  i s  n o t  a s imple  t a s k .  I n  some c a s e s ,  a  c o n s i d e r a b l e  
amount of judgement i s  invo lved  i n  s t a n d a r d i z i n g  a  s e t  of f i e l d  
o b s e r v a t i o n s .  The f o l l o w i n g  passages  c o n t a i n  d e t a i l e d  d e s c r i p t i o n s  of 
how each d a t a  s o u r c e  w a s  used t o  o b t a i n  a s t a n d a r d  set of r e c o r d s .  
ACP - ACOP Data of Mahmood e t  a l .  (1979) 
The d a t a  were recorded  a t  s e v e n t e e n  s t u d y  r e a c h e s  on f i v e  c a n a l s  
i n  P a k i s t a n .  A l l  e n t r i e s  were o b t a i n e d  f rom Appendix D ,  Summary of Data 
of Mahmood e t  a l .  (1979) .  The v a l u e s  of c o n c e n t r a t i o n  are f o r  "bed 
m a t e r i a l  l o a d ,"  a s  g i v e n  i n  column 33 of t h e  t a b l e s .  These v a l u e s  were 
d e r i v e d  by t h e  a u t h o r s  f rom d e p t h- i n t e g r a t e d  suspended load  measurements 
and modif ied E i n s t e i n  c a l c u l a t i o n s  f o r  t h e  unmeasured p o r t  i o n  of t h e  
l o a d .  T y p i c a l l y ,  t h e  e s t i m a t e d  p o r t i o n  r e p r e s e n t s  50 t o  75 p e r c e n t  of 
t h e  v a l u e  of c o n c e n t r a t i o n .  (For  t h i s  r e a s o n ,  t h e  d a t a  was n o t  used i n  
t h e  a n a l y s i s  of t r a n s p o r t  f o r m u l a s  . ) 
I n  t h e  a n a l y s i s  of h y d r a u l i c  roughness ,  r u n s  100 ,  1 2 8 ,  and 150 were 
found t o  g i v e  anomolous r e s u l t s ,  and were e l i m i n a t e d  f rom t h e  a n a l y s i s .  
However, t h e s e  v a l u e s  have  n o t  been d e l e t e d  f rom t h e  t a b l e s .  The c ross-  
s e c t i o n a l  d a t a  s u g g e s t s  t h a t  t h e s e  r e a c h e s  were very nonuniform. 
Bed fo rm i n f o r m a t i o n  h a s  been provided a s  g i v e n  by t h e  a u t h o r s .  
F l a t  bed was t a k e n  by t h e  a u t h o r s  t o  b e  composed of bed forms of h e i g h t  
l e s s  t h a n  s i x  i n c h e s .  Only s i x  o b s e r v a t i o n s  of t h i s  t y p e  were made. 
A l l  d a t a  seemed t o  f a l l  w i t h i n  t h e  lower regime i n  t h e  a n a l y s i s  of 
roughness ,  s u g g e s t i n g  t h a t  t h e  f l a t  beds  a c t u a l l y  were composed of 
small dunes.  
AMC - American Canal  Data  of Simons (1957) 
The d a t a  were o b t a i n e d  f rom t h e  Simons t h e s i s  of May 1957.  T o t a l  
l o a d  measurements were made f o r  12 c a n a l s  i n  Colorado,  Nebraska,  and 
Wyoming. C o n c e n t r a t i o n  measurements were made by means of depth- 
i n t e g r a t i n g  sample rs  a t  h y d r a u l i c  s t r u c t u r e s  where s u f f i c i e n t  turbu-  
l e n c e  was p r e s e n t  t o  f o r c e  t h e  t o t a l  load  i n t o  suspens ion .  
The d a t a  are sometimes r e f  e r r e d  t o  a s  "Simons and Bender d a t a  ," 
and a r e  a l s o  a v a i l a b l e  i n  ASCE HY5, 1960. 
ATC - A t c h a f a l a y a  River  Data of Toff a l e t i  (1968) 
Hydrau l ic  o b s e r v a t i o n s  and c o n c e n t r a t i o n  v a l u e s  were o b t a i n e d  f rom 
Table  B2 of t h e  T o f f a l e t i  (1968) r e p o r t .  Concen t ra t ion  i s  t h e  combina- 
t i o n  of measured suspended l o a d  c o n c e n t r a t i o n  and t h e  unmeasured l o a d  
c o n c e n t r a t i o n  c a l c u l a t e d  by t h e  T o f f a l e t i  t e c h n i q u e ,  a s  g i v e n  i n  t h e  
l as t  column of Tab le  B2. The g i v e n  c o n c e n t r a t i o n  i s  f o r  p a r t i c l e s  
l a r g e r  t h a n  0.062 mm. 
Median p a r t i c l e  s i z e s  and g r a d a t i o n s  of bed m a t e r i a l  were determined 
by t h e  w r i t e r  f rom t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n s  of t h e  bed m a t e r i a l  
g i v e n  i n  Tab le  B 1 .  
C H I  - I n d i a  Canal  Data  Pub l i shed  by C h i t a l e  (1966) 
Data were o b t a i n e d  f rom Table 1 3  ( C h i t a l e ,  1966,  p. 3 6 6 ) ,  and were 
o r i g i n a l l y  p u b l i s h e d  i n  t h e  C e n t r a l  Board of I n d i a  1945 Annual Report  
(Techn ica l )  , P u b l i c a t i o n  No. 3 5 ,  l75p .  
C o n c e n t r a t i o n s  a r e  t h e  a r i t h m e t i c  average  of 18 suspended sediment 
samples  c o l l e c t e d  on t h r e e  v e r t i c a l s  of t h e  c r o s s- s e c t i o n s .  The v e r t i -  
c a l s  were l o c a t e d  a t  t h e  c e n t e r  of t h e  s e c t i o n s  and a t  t h e  i n t e r s e c t i o n s  
of t h e  bed and t h e  s i d e  s l o p e s .  The d a t a  were c o l l e c t e d  between May and 
October  1944. S ince  b e d- p a r t i c l e  s i z e s  a r e  i n  t h e  s i l t  r a n g e ,  no cor-  
r e c t i o n  w a s  made f o r  wash l o a d .  
CHO /CHP - I n d i a  Canal  Data of Chaudry e t  a l .  (1970) 
The d a t a  a r e  f o r  9  c a n a l s  i n  West P a k i s t a n ,  c o l l e c t e d  under t h e  
Canal and Headworks Observa t ion  Program (CHOP) of t h e  West P a k i s t a n  Water 
and Power Development A u t h o r i t y ,  1962-1964, Lahore ,  West P a k i s t a n .  
Hydraul ic  o b s e r v a t i o n s  were o b t a i n e d  f rorn Table  1 of Chaudry e t  a l .  
(19701, g r a d a t i o n s  were determined by t h e  writer f rom t h e  d i s t r i b u t i o n s  
i n  Tab le  2 ,  and median p a r t i c l e  s i z e s  and c o n c e n t r a t i o n s  ( f rom "bed 
m a t e r i a l  d i s c h a r g e ,  e s t i m a t e d  t o t a l " )  f r o m  columns i v  and v i i ,  r e spec-  
t i v e l y ,  i n  Tab le  3. The bed- mate r ia l  d i s c h a r g e  was e s t i m a t e d  f rom 
d e p t h- i n t e g r a t e d  suspended- sediment measurements and modif ied E i n s t e i n  
c a l c u l a t i o n s .  
Two v e r s i o n  of t h e  d a t a  appear  i n  t h e  t a b l e s ,  CHO and CHP. The 
fo rmer  v e r s i o n  i s  a l i s t  of t h e  d a t a  i n  t h e  o r d e r  g iven  by t h e  a u t h o r s ,  
while  t h e  l a t t e r  ve r s ion  i s  a l ist  of t h e  da t a  ordered by inc reas ing  
median p a r t i c l e  s i z e .  The second ve r s ion  i s  given because t h e  da t a  can 
be convenient ly grouped by p a r t i c l e  s i z e s  of about 0.1 mm, 0.2 mm, and 
0.3 mm. 
COL - Colorado R. Data of t h e  U.S. Bureau of Reclamation (1958) 
Hydraulic observa t ions  and median p a r t i c l e  size are given i n  the 
"Summary of Data" t a b l e s  of t he  o r i g i n a l  r epo r t .  P a r t i c l e  grada t ions  
were determined by t h e  w r i t e r  from the  p a r t i c l e- s i z e  d i s t r i b u t i o n  p l o t s  
of t h e  bed-material  samples. 
Concentrat ions were determined by t h e  w r i t e r  i n  t he  fo l lowing  manner: 
1. The observed suspended load concent ra t ions  were ad jus t ed  by 
removing t h e  wash-load p o r t i o n ,  a s  determined from the  f r a c t i o n  
f i n e r  than  0.062 mm on t h e  p l o t s  of s i z e  d i s t r i b u t i o n  of t h e  
suspended-load samples. 
2. The unmeasured load concent ra t ion  was determined from t h e  
"Percent Unmeasured Load" column 18 of t h e  t a b l e s ,  t h e  va lues  
of which were determined by t h e  modified E i n s t e i n  technique. 
3. The va lues  of concent ra t ion  given i n  t he  t a b l e s  a r e  t h e  sum 
of t h e  unmeasured load concent ra t ion  and t h e  suspended-sand 
concent ra t ion .  
Records 1-5 a r e  f o r  s t a t i o n  RS 30A, 6-18 f o r  s t a t i o n  RS 33, 19-39 
f o r  t h e  Needles Bridge S t a t i o n ,  40-50 f o r  s t a t i o n  RS 41, 51-61 f o r  
s t a t i o n  RS 43, 62-93 f o r  t h e  Taylor 's  F e r r y  s t a t i o n ,  94-125 f o r  t h e  Pa lo  
Verde Weir s t a t i o n ,  and 126-131 f o r  t h e  Adobe Ruins s t a t i o n .  (The Taylor 's 
F e r r y  d a t a  were used i n  t h e  ana lyses . )  
H I 1  - H i i  R i v e r  Data of Shinohara  and Tsubaki  (1959) 
The h y d r a u l i c  o b s e r v a t i o n s ,  sediment t r a n s p o r t  r a t e s ,  and median 
p a r t i c l e  s i z e s  were o b t a i n e d  f r o m  Table  2  of Shinohana and Tsubaki:  
(1959).  Records 1-8 a r e  f o r  t h e  s t a t i o n  a t  I g a y a ,  9-12 a t  K u r i h a r a ,  
13-18 a t  s i d e  channe l  A ,  1 9 ,  20 a t  s i d e  Channel B ,  and 21-23 a t  s i d e  
channe l  C .  The remainder  of t h e  r e c o r d s  a r e  f o r  accompanying l a b o r a t o r y  
exper iments  made i n  a  wooden f l u m e ,  recorded  i n  Tab le  3 .  Bed-material  
g r a d a t i o n s  were e s t i m a t e d  f rom 50 and 65 p e r c e n t i l e  p a r t i c l e  s i z e s  f o r  
c h a n n e l s  A ,  B ,  and C. Other v a l u e s  of g r a d a t i o n  were determined f rom t h e  
d i s t r i b u t i o n s  shown i n  F i g s .  2  and 3 .  Bed-material  p r o p e r t i e s  were 
averaged f o r  a g i v e n  s t a t i o n ,  and were n o t  observed s imul taneous ly  wi th  
t h e  o t h e r  o b s e r v a t i o n s .  
The f i e l d  o b s e r v a t i o n s  r e f e r  t o  t e s t  segments of t h e  c r o s s- s e c t i o n s ,  
and are n o t  f o r  t h e  e n t i r e  c r o s s  s e c t i o n .  
LEO - River  Data  of Leopold (1969) 
No i n f o r m a t i o n  i s  a v a i l a b l e  abou t  t h i s  d a t a  set. The d a t a  have 
been reproduced e x a c t l y  a s  g iven  by P e t e r s o n  and Howells (1973) -  
M I D  - Middle Loup River  Data of Hubbell  and Matejka (1959) 
These d a t a  were c o l l e c t e d  on t h e  Middle Loup River  a t  Dunning, 
Nebraska,  ups t ream f rom t h e  con£luence wi th  t h e  D i s m a l  R iver .  A  tu rbu-  
l e n c e  f lume was c o n s t r u c t e d  a t  t h e  b r i d g e  on S t a t e  Route 2. Tn i s  
s t r u c t u r e  was designed t o  provide s u f f i c i e n t  tu rbulence  t o  cause t h e  
e n t i r e  sediment load  t o  become suspended. Therefore,  i t  was poss ib l e  
t o  measure t h e  t o t a l  load with suspended load samplers.  
The da t a  appearing i n  t h i s  r e p o r t  were assembled by combining: 
Sediment concent ra t ions  -- measured a t  t h e  turbulence  f lume,  
Sec t ion  D ,  and given i n  Table 3 of Hubbell and Matejka (1959). 
The bed-material  concent ra t ion  w a s  determined by t h e  w r i t e r  by 
multiplying the  f r a c t i o n  coarser  than  0.062 mm times t h e  t o t a l -  
load concent ra t ion .  
Hydraulic and temperature observa t ions  -- obtained from Table 
1, f o r  Sec t ion  E (downstream from t h e  turbulence  f lume).  Only 
co inc ident  observa t ions  i n  Tables 1 and 3 have been r e t a ined .  
Median bed- par t ic le  s i z e s  and grada t ions  -- determined from the  
s i z e  d i s t r i b u t i o n s  f o r  Sec t ion  E given i n  Table 4 .  I n  a  few 
c a s e s ,  no bed sample was c o l l e c t e d  on a given d a t e ,  and t h e  
observa t ion  f o r  t h e  n e a r e s t  d a t e  was used. 
MIS - Miss i s s ipp i  River  Data of T o f f a l e t i  (1968) 
Same a s  ATC da ta .  
MOR - Missouri River  Data of Shen e t  a l .  (1978) 
The d a t a  were c o l l e c t e d  between 1966 and 1969, and i n  1975. A l l  
va lues  presented  h e r e  were obtained from t h e  information given i n  Table 1 
of Shen e t  a l .  (1978). Sediment concent ra t ions  a r e  not  ava i l ab l e .  Bed 
form information was obtained from column 8 ,  "percentage (o f )  bed (covered) 
with dunes." Beds with more than  a  90 percent  dune cover were l abe l ed  
dune beds ,  beds with l e s s  than  10 percent  dune coverage were l abe l ed  f l a t  
beds ,  and a l l  o t h e r s  were considered t o  be t r a n s i t i o n a l .  
MOU - Mountain Creek Data of E i n s t e i n  (1944) 
Records 1-81 were obtained on Mountain Creek,  a t r i b u t a r y  of t h e  
Enoree River  i n  Greenv i l l e  County, South Caro l ina ,  August through 
November 1941. Records 82-100 were obtained on West Goose Creek i n  
t h e  Ta l l aha t ch ie  River  bas in  approximately f o u r  miles  west of Oxford, 
M i s s i s s i p p i ,  March 26 and 27,  1942. E s s e n t i a l l y ,  t h e  same procedure 
was used f o r  measurements on both creeks.  
The d a t a  given h e r e  were der ived  from t h e  information i n  Table 3 of 
E i n s t e i n  (1944) f o r  Mountain Creek, and Table 8 ,  f o r  West Goose Creek. 
Width, depth and d ischarge  a r e  no t  published per  s e  and had t o  be derived 
from o the r  v a r i a b l e s .  Width was taken t o  be equiva len t  t o  t he  wetted 
per imeter  of t h e  bed. Depth was determined from a rea  and width,  and the  
approximation of t h e  channel s e c t i o n  a s  t r apezo ida l .  Discharge was 
c a l c u l a t e d  by mul t ip ly ing  width t imes depth t imes mean v e l o c i t y .  
Complete hydrau l i c  observa t ions  were no t  made f o r  each record.  
I n s t e a d ,  a s t a f f  gage was read and curves were used t o  determine a r e a ,  
v e l o c i t y ,  and wetted perimeter  of t he  bed and wal l s .  The v e l o c i t y  curves 
were determined from measurements of v e l o c i t y  made by means of f l o a t s .  
Sediment d ischarge  was measured by t r app ing  sediment i n  a mesh 
covered hopper and pumping i t  i n t o  a weighing tank.  A s  the mixture 
en tered  t h e  weighing t ank ,  t h e  sediment s e t t l e d  t o  t h e  bottom, while  
excess  water was allowed t o  overflow. A water s t a g e  recorder  was modified 
and c a l i b r a t e d  t o  a l low f o r  a continuous record of t h e  submerged weight 
of t h e  sediment i n  t h e  tank.  Suspended load samples i nd ica t ed  t h a t  most 
of t h e  sediment moved as bed l o a d ,  and t h e r e f o r e  t h i s  scheme adequately 
measured t h e  t o t a l  load  t r a n s p o r t .  V i r t u a l l y  a l l  of t h e  t r a p p e d  m a t e r i a l  
w a s  c o a r s e r  t h a n  0.062 mm. 
NED - Rio Magdalena and Canal d e l  Dique Data of NEDECO (1973) 
Records 1-52 were c o l l e c t e d  a t  10 s t a t i o n s  on t h e  Rio Magdalena i n  
Columbia, South America,  and r e c o r d s  53-113 were c o l l e c t e d  a t  1 0  s t a t i o n s  
on t h e  Canal d e l  Dique, a l s o  i n  Columbia. The d a t a  w e r e  o b t a i n e d  f rom 
Tables  3.3.1 and 3.3.2 (NEDECO, 1973,  pp. 72 ,  76) .  
Sediment c o n c e n t r a t i o n s  were measured wi th  t h e  a i d  of D e l f t  b o t t l e  
sample rs .  These sample rs  are designed s o  t h a t  wa te r  is al lowed t o  pass  
through t h e  sampler  w h i l e  sediment  c o a r s e r  t h a n  about  0.05 mm i s  t rapped .  
These sample rs  t h e r e f o r e  do n o t  measure wash l o a d ,  and no c o r r e c t i o n  i s  
n e c e s s a r y .  However, t h e  l i m i t  of 0.05 mm f o r  wash l o a d  i s  lower t h a n  t h e  
more commonly used v a l u e  of 0.062 mm. The bed- mate r ia l  c o n c e n t r a t i o n  i s  
based on numer ica l  i n t e g r a t i o n  of p o i n t w i s e  samples .  
Average b e d- p a r t i c l e  s i z e  p r o p e r t i e s  are g i v e n  f o r  each s t a t i o n .  
The g r a d a t i o n  parameter  is based on t h e  median and 65 p e r c e n t i l e  p a r t i c l e  
s i z e s  and t h e  log- normal d i s t r i b u t i o n  assumption.  
N I O  - Niobra ra  River  Data of Colby and Hembree (1955) 
These o b s e r v a t i o n s  were made on t h e  Niobra ra  R i v e r  n e a r  Cody i n  
n o r t h e r n  Nebraska f r o m  1 3  J u l y  1949 through 8 J u l y  1953. The r i v e r  h a s  
a n a t u r a l  c o n t r a c t e d  s e c t i o n ,  c u t  i n  bedrock ,  and a lmost  r e c t a n g u l a r  i n  
c r o s s- s e c t i o n .  The f l o w  i s  normal ly  c o n s t r i c t e d  by t h i s  s e c t i o n  (excep t  
d u r i n g  h i g h  f l o w s ) ,  and t h e  t u r b u l e n c e  i s  s u f f i c i e n t  t o  suspend n e a r l y  
t h e  t o t a l  sediment  d i s c h a r g e .  
Sediment c o n c e n t r a t i o n s  are based on d e p t h- i n t e g r a t e d  samples 
c o l l e c t e d  a t  t h r e e  v e r t i c a l s  a t  t h e  c o n t r a c t e d  s e c t i o n .  St ream f l o w  
o b s e r v a t i o n s  were made a t  t h e  g a g i n g- s t a t i o n  s e c t i o n  580 m upst ream from 
where t h e  c o n c e n t r a t i o n  was measured. The d a t a  g i v e n  h e r e  were compiled 
by d e t e r m i n i n g  median p a r t i c l e  s i z e  and g r a d a t i o n  f rom t h e  s i z e  d i s t r i -  
b u t i o n s  i n  Tab le  8 of Colby and Hembree (1955) ,  h y d r a u l i c  v a r i a b l e s  f r o m  
t h e  s t reamf low measurements i n  Table  4 ,  and c o n c e n t r a t i o n  and t empera tu re  
v a l u e s  f rom Table  9 .  
Because s t reamf low measurements t a k e  a f i n i t e  amount of t i m e ,  s l o p e  
was n o t  measured on e v e r y  day t h a t  o t h e r  s t r e a d l o w  measurements were 
made. F o r  r e c o r d s  12-14, 16-20, 24-27, 3 4 ,  and 36-40, t h e  s l o p e  v a l u e s  
g i v e n  r e p r e s e n t  o b s e r v a t i o n s  made on o t h e r  d a y s ,  o r  t h e  average  of two 
o b s e r v a t i o n s  i f  s l o p e  was measured s h o r t l y  b e f o r e  and s h o r t l y  a f t e r  t h e  
o t h e r  s t reamf low measurements. 
'Ihe c o n c e n t r a t i o n  measurements g i v e n  h e r e  were n o t  c o r r e c t e d  f o r  
wash l o a d .  Thir ty- f  our  d e p t h- i n t e g r a t e d  samples ,  c o l l e c t e d  on t h e  
same days  c o n c e n t r a t i o n  o b s e r v a t i o n s  were made, c o n t a i n e d  a n  a v e r a g e  
of o n l y  11.5 p e r c e n t  by weight f i n e r  t h a n  0.062 mm. A c o r r e c t i o n  
was n o t  i n c l u d e d  because  d i s t r i b u t i o n s  are n o t  a v a i l a b l e  f o r  a l l  days 
when c o n c e n t r a t i o n s  were measured,  and because  t h o s e  t h a t  are a v a i l a b l e  
r e p r e s e n t  p a r t i c u l a r  samples and n o t  composite v a l u e s  based  on samples a t  
t h e  t h r e e  v e r t i c a l s .  
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NSR - N. Saskatchewan R .  and Elbow R. Data of Samide (1971) 
The da t a  were c o l l e c t e d  a t  i r r e g u l a r l y  shaped cross- sec t ions  on 
t h e  North Saskatchewan River  a t  Nordegg Bridge and on the  Elbow River 
near  t h e  Vi l l age  of Bragg Creek. Local v e l o c i t y  and depth were observed 
along the  s e c t i o n s  a t  s t a t i o n s  20 f e e t  a p a r t  on t h e  North Saskatchewan 
River  and 10 f e e t  a p a r t  on the  Elbow River.  Since the  whole cross-  
s e c t i o n  was not  measured f o r  e i t h e r  r i v e r ,  s t a t i o n  observa t ions  a r e  given 
with 20 f o o t  widths (6.10 m) f o r  t h e  former r i v e r  and 10 f o o t  widths 
(3.05 m) f o r  t h e  l a t t e r  r i v e r .  Discharges i n  t h e  t a b l e s  were computed by 
mul t ip ly ing  t h e  l o c a l  v e l o c i t i e s  and depths given i n  Tables I V- 1  and IV-2 
by t h e  assumed widths ( d i s t a n c e s  between s t a t i o n s ) .  
Values of concent ra t ion  were determined by t h e  w r i t e r  from t h e  
va lues  of " ac tua l  u n i t  bed load discharge" given i n  Tables V- 17 and 
V-18 of Samide (1971). Median p a r t i c l e  s i z e  and g rada t ion  were 
determined by performing s t a t i s t i c a l  ana lyses  of t h e  p a r t i c l e- s i z e  
d i s t r i b u t i o n s  of t h e  bed-material  samples given i n  Tables IV-3 and 
IV-4. Only observa t ions  with p a r t i c l e- s i z e  ana lyses  have been 
included.  Transport r a t e s  were determned with basket- type bed-load 
samplers ,  which should a c c u r a t e l y  measure bed-material  load f o r  
gravel-bed r i v e r s .  Samples conta in ing  more than  about t e n  percent  
sand have not  been inc luded ,  because of problems a s soc i a t ed  with t h e  
measurement of t r a n s p o r t  r a t e s  f o r  s t reams with bimodal bed ma te r i a l .  
Temperature measurements o r  e s t ima te s  a r e  no t  publ i shed ,  and t h e  
va lues  given by Pe terson  and Howells (1973) have been r e t a ined .  
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OAK - Oak Creek Data of Milhous (1973) 
These d a t a  were o b t a i n e d  f rom t h e  Oregon S t a t e  U n i v e r s i t y  PhD t h e s i s  
of R.T. Milhous (1973) .  The 17  r e c o r d s  p r e s e n t e d  h e r e  have  been condensed 
f r o m  a much l a r g e r  body of d a t a .  The condensa t ion  was n e c e s s a r y  t o  reduce 
t h e  d a t a  set t o  t h e  common form. 
Discharge ,  energy  s l o p e ,  t e m p e r a t u r e ,  and sediment c o n c e n t r a t i o n  
( f rom bed l o a d  d i s c h a r g e )  were o b t a i n e d  f r o m  Tab les  1-1, 1-3, and 1-5. 
These t a b l e s  a l s o  c o n t a i n  measurements of h y d r a u l i c  r a d i u s  b u t  n o t  width 
o r  mean dep th .  Values of h y d r a u l i c  r a d i u s  combined wi th  t h e  Manning n  
v a l u e s  o b t a i n e d  f r o m  F i g u r e  9  of Milhous (1973) were used t o  de te rmine  t h e  
e q u i v a l e n t  dep th  and width  f o r  a r e c t a n g u l a r  channel .  Median p a r t i c l e  s i z e  
and geomet r ic  s t a n d a r d  d e v i a t i o n  were d e r i v e d  f rom t h e  p a r t i c l e - s i z e  
d i s t r i b u t i o n s  g i v e n  i n  Tab les  1-2, 1-4, and 1-6. 
Bed l o a d  was sampled by u s i n g  a  v o r t e x  t rough  i n  t h e  stream bed 
which t r a n s p o r t e d  t h e  bed l o a d  material i n t o  a sampling p i t  a d j a c e n t  t o  
t h e  stream. Although suspended l o a d  measurements were c o l l e c t e d ,  no 
p a r t i c l e - s i z e  a n a l y s e s  have been pub l i shed .  It is t h e r e f o r e ,  n o t  p o s s i b l e  
t o  a s c e r t a i n  t h e  r e l a t i v e  amounts of sand and s i l t .  A s  a r e s u l t ,  o n l y  
t h o s e  measurements where suspended load  i s  n e g l i g i b l e  have been i n c l u d e d  
h e r e .  
POR - P o r t u g a l  R iver  Data of D a  Cunha (1969) 
No i n f o r m a t i o n  is  a v a i l a b l e  abou t  t h i s  d a t a  s e t .  The d a t a  have  been 
reproduced e x a c t l y  a s  g i v e n  by P e t e r s o n  and Howells (1973) .  
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RED - Red R i v e r  Data of Toff a l e t i  (1968) 
Same as ATC d a t a .  
RGC - Rio Grande Conveyance Channel Data  of C u l b e r t s o n  e t  a l .  (1976) 
The l a r g e  body of d a t a  g i v e n  by C u l b e r t s o n  e t  a l .  (1976) h a s  been 
condensed t o  t h e  33  r e c o r d s  of t h e  s t a n d a r d  f o r m a t  g i v e n  h e r e .  Records 
1 through 8 a r e  a condensa t ion  of a set of h y d r a u l i c  measurements made 
c o i n c i d e n t  wi th  measurements of t o t a l  load  performed wi th  a depth-  
i n t e g r a t i n g  sampler  a t  a wei r .  F o r  t h e  remaining r e c o r d s ,  t o t a l  l o a d  i s  
n o t  a v a i l a b l e ,  and sample h y d r a u l i c  measurements a r e  g iven .  
F o r  r e c o r d s  1 through 8 ,  d i s c h a r g e ,  w i d t h ,  d e p t h ,  s l o p e ,  and bed 
f o r m  o b s e r v a t i o n s  have  been o b t a i n e d  f rom Table  1, where t h e y  a r e  
i d e n t i f i e d  as: 
Date  
February  3 ,  1965 
May 1 2 ,  1965 
May 1 3 ,  1965 
June  2 ,  1965 
November 29 ,  1965 
November 3 0 ,  1965 
May 21,  1967 
June  11, 1969 









Sediment c o n c e n t r a t i o n s  (ob ta ined  f rom Table  4) a r e  a v e r a g e s  of 
t h e  samples c o l l e c t e d  a t  t h e  w e i r ,  f o r  a g i v e n  day and d i s c h a r g e ,  f o r  
p a r t i c l e  s i z e s  c o a r s e r  t h a n  0.062 mm. Bed material p r o p e r t i e s  were 
o b t a i n e d  f rom t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n s  g i v e n  i n  Table  5. Where 
t h e  h y d r a u l i c  measurements r e p r e s e n t  a r e a c h ,  t h e  bed- mater ia l  sample 
c o l l e c t e d  a t  t h e  c e n t e r  of t h e  reach  h a s  been used.  
Records 9 through 33 p r o v i d e  a r e p r e s e n t a t i v e  sample of t h e  c r o s s-  
s e c t i o n a l  d a t a  g i v e n  i n  Tab le  6 .  S e c t i o n  240, n e a r  t h e  c e n t e r  of t h e  
s t r a i g h t e s t  p o r t i o n  of t h e  s t u d y  r e a c h ,  was s e l e c t e d  a s  a r e p r e s e n t a t i v e  
c r o s s- s e c t i o n .  A l l  o b s e r v a t i o n s  made a t  t h i s  s t a t i o n  have  been g i v e n  
h e r e .  
RGR - Rio Grande d a t a  of Nordin and Beverage (1965) 
These d a t a  were o b t a i n e d  f rom 6 s t a t i o n s  on t h e  Rio Grande i n  New 
Mexico. The v a l u e s  of d i s c h a r g e ,  w i d t h ,  d e p t h ,  s l o p e ,  t e m p e r a t u r e ,  and 
sediment  c o n c e n t r a t i o n  can be  found i n  Tab les  1 through 6 of Nordin and 
Beverage (1965) .  The v a l u e s  of sediment c o n c e n t r a t i o n  a r e  f o r  suspended 
l o a d  of s i z e s  g r e a t e r  t h a n  0.062 mm ( o b t a i n e d  wi th  d e p t h- i n t e g r a t i n g  
sample rs )  wi th  modi f i ed- Eins te in  bed load  c o r r e c t i o n s .  Bed sediment char-  
a c t e r i s t i c s  were o b t a i n e d  f rom Tables  7 through 12.  
The d a t a  were c o l l e c t e d  a t  t h e  f o l l o w i n g  s t a t i o n s :  r e c o r d s  1 through 
1 8  a t  Otowi B r i d g e ,  n e a r  San I d e l f s o n ;  r e c o r d s  19 through 88 a t  C o c h i t i ;  
r e c o r d s  89 through 158 a t  San F e l i p e ;  records 159  thorugh 216 n e a r  
B e r n a l i l l o ;  r e c o r d s  217 through 270 a t  Albuquerque; and r e c o r d s  271 through 
293 n e a r  Belen.  
RIO - Rio Grande n e a r  B e r n a l i l l o  d a t a  g i v e n  by T o f f a l e t i  (1968) 
Same as ATC. 
SNK - Snake and Clea rwate r  River Data of S e i t z  (1976) 
These o b s e r v a t i o n s  were made on t h e  Snake and Clea rwate r  R i v e r s  i n  
t h e  v i c i n i t y  of Lewis ton ,  Idaho. Bed l o a d  measurements were made u s i n g  a 
Helley-Smith bed l o a d  sampler .  Values of d i s c h a r g e ,  w i d t h ,  d e p t h ,  s l o p e  can 
b e  found i n  Tab les  5 and 6 of S e i t z  (1976).  Temperature measurements can 
b e  found i n  Tab les  3 and 4 ,  and bed- mate r ia l  p r o p e r t i e s  a r e  found i n  Tab les  
11 and 12. The g i v e n  sediment  c o n c e n t r a t i o n s  a r e  based on t h e  combinat ion 
of bed l o a d  d i s c h a r g e  samples ( o b t a i n e d  wi th  a Helley-Smith s a m p l e r ) ,  found 
i n  Tab les  5 and 6 ,  and suspended sediment samples ( p a r t i c l e  s i z e s  g r e a t e r  
t h a n  0.062 mm) found i n  Tab les  7 and 8. 
Records 1 through 11 were o b t a i n e d  on t h e  Snake River  n e a r  Anatone,  
Washington, and r e c o r d s  12 through 2 1  were o b t a i n e d  on t h e  Clearwater River  
a t  Spa ld ing  , Idaho. F i v e  a d d i t i o n a l  bed l o a d  measurements are a v a i l a b l e  f o r  
t h e  Clea rwate r  R i v e r ,  f o r  which no suspended samples were c o l l e c t e d .  
TRI - T r i n i t y  R i v e r  Data of Knot t  (1974) 
These d a t a  were o b t a i n e d  on t h e  T r i n i t y  River  i n  n o r t h e r n  C a l i f o r n i a ,  
between December 1969 and February  1970. A l l  d a t a  can b e  found i n  Tab le  6 
of Knot t  ( 1 9 7 4 ) ,  e x c e p t  t empera tu re .  Given t empera tu re  v a l u e s  were ob- 
t a i n e d  f rom t h e  USGS series Water Resources  Data f o r  C a l i f o r n i a .  Bed l o a d  
d i s c h a r g e  was measured with a Helley-Smith sampler .  S i n c e  t h e  bed m a t e r i a l  
i s  e s s e n t i a l l y  a l l  g r a v e l ,  t h e  suspended load  h a s  been cons idered  t o  be  
wash l o a d ,  and is  n o t  i n c l u d e d  i n  t h e  (bed- mater ia l )  c o n c e n t r a t i o n .  
Records 1 and 2 were o b t a i n e d  on t h e  North F o r k  of t h e  T r i n i t y  
River  n e a r  Helena,  and r e c o r d s  3 and 4 were o b t a i n e d  on t h e  South F o r k  
of t h e  T r i n i t y  River  below Hyampom. 
REFERENCES 
ASCE Task Force, "Friction Factors in Open Channels," Journal of the 
Hydraulics Division, ASCE, Vol 89, No. HY2, March 1963, 
pp. 97-143. 
Ackers, P. and White, W. R., "Sediment Transport: New Approach and 
Analysis," Journal of the Hydraulics Division, ASCE, Vol. 99, No. 
HY 11, November 1973, pp. 2041-2060. 
Alam, A. M. Z., Cheyer, T. F. and Kennedy J. F., "Friction Factors for 
Flow in Sand Bed Channels," Hydrodynamics Laboratory Report 
No. 78, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, June 1966. 
Alam, A. M. Z. and Kennedy, J. F., "Friction Factors for Flow in Sand 
Bed Channels," Journal of the Hydraulics Division, ASCE, Vol. 95, 
No. HY6, November 1969, pp. 1973-1992. 
Allen, J. R. L., "Computational Models for Dune Time-lag: An 
Alternative Boundary Condition, " Sedimentary ~eolog~, Vol . 16, 
1978, pp. 255-279. 
Bagnold, R. A. , "An Approach to the Sediment Transport Problem from 
General Physics," U.S. Geological Survey, Professional Paper 
422-1, U.S. Government Printing Office, Washington, D.C., 1966. 
Bayazit, M., "Free Surface Flow in a Channel of Large Relative 
Roughness," Journal of Hydraulic Research, Vol. 14, No. 1, 1976, 
pp. 115-126. 
Bishop, A. A., Simons, D. B. and Richardson, E. V., "Total Bed 
Material Transport, Proc. ASCE, Vol. 91, HY2, February 1965. 
Brownlie, W. R. , "Re-examination of Nikuradse Roughness Data, " 
Journal of the Hydraulics Division, ASCE, Vol. 107, No. HY1, 
January 1981, pp. 115-119. 
Chang, H. H., "Flood Plain Sedimentation and Erosion," San Diego 
County Department of Sanitation and Flood Control, 1976. 
Chang, N. H. and Hill, J. C., "A Case Study for Erodible Channel 
Using a Mathematical Model," March 1981. 
Chu, H. and Mostafa, M. G., "A Mathematical Model for Alluvial Channel 
Colby, B. R., "Discontinuous Rating Curves f o r  Pigeon Roost Creek and 
Cuffawa Creeks i n  Northern M i s s i s s i p p i , "  Report ARS41-36, 
A g r i c u l t u r a l  Research Serv ice ,  Apr i l  1960. 
Cunge, J. A. and Perdreau,  N., "Mobile Bed F l u v i a l  Mathematical 
Models," La Hou i l l e  Blanche, No. 7-1973, pp. 561-580. 
Dawdy , D. R. , "Depth-Discharge Re la t i ons  of A l luv i a l  Streams -- 
Discont inuous Rating Curves," Water-Supply Paper 1948-C, U.S. 
Geological  Survey, Washington, D.C. 1961. 
Dobbins, W.  E., "Effec t  of Turbulence on Sedimentat ion,"  Transac t ions ,  
ASCE, Vol. 109, Paper No. 2218, 1944, pp. 629-678. 
E i n s t e i n ,  H.A., "Est imat ing Q u a n t i t i e s  of Sediment Supplied t o  Streams 
t o  a Coast,"  Coas ta l  Engineer ing Conference Proceedings,  1950, 
pp. 137-139. 
E i n s t e i n ,  H. A. and Barbarossa,  N. , "River Channel Roughness, " 
Transac t ions ,  ASCE, Vol 117, 1952, pp. 1121-1146. 
Engelund, F., Closure t o  "Hydraulic Res i s t ance  of A l luv i a l  Streams," 
Jou rna l  o f  t h e  Hydraul ic  Div is ion ,  ASCE, Vol. 9 3 ,  No. HY4, J u l y  
1967, pp. 287-296. 
Engelund, F. and Fredsoe,  J., "A Sediment Transport  Model f o r  S t r a i g h t  
A l l u v i a l  Channels,"  Nordic Hydrology, Vol. 7,  1976, pp. 293-306. 
Engelund, F., and Hansen, E., "A Monograph on Sediment Transport  i n  
A l l u v i a l  Streams, Teknisk Vorlag,  Copenhagen, Denmark, 1967. 
Fredsoe,  J . ,  "Unsteady Flow i n  S t r a i g h t  A l luv i a l  Streams: 
Mod i f i ca t i on  of Ind iv idua l  Dunes," Jou rna l  of  F l u i d  Mechanics, 
Vol. 91, P a r t  3,  1979, pp. 497-512. 
Garde, R. J. and Ranga Raju, K. G.,  "Res is tance  Re la t i onsh ips  f o r  
A l l u v i a l  Channel Flow," Jou rna l  of t h e  Hydraul ics  Div is ion ,  
ASCE, Vol. 92, HY4, J u l y  1966, pp. 77-100. 
Garde, R. J. and Ranga Raju, K.G., Mechanics o f  Sediment and A l l u v i a l  
Stream Problems, Wiley Eas t e rn  Limited,  New Delhi,  1977, 483 pp. 
G e e ,  D. M . ,  "Sediment Transport  i n  Non-steady Flow," Univers i ty  
of  C a l i f o r n i a ,  Berkeley, C a l i f o r n i a ,  Report 4EC 22-3, 1973. 
Gess l e r ,  J., " C r i t i c a l  Shear S t r e s s  f o r  Sediment Mixtures ,"  Proc. of  
Four teen th  Congress of I n t e r n a t i o n a l  Assoc i a t i on  f o r  Hydraulic 
Research, Vol. 3 ,  1971, C1-1 - C1-8. 
Graf ,  W. H.,  Hydraul ics  of Sediment Transpor t ,  McGraw-Hill Book 
Company, 1971. 
Henderson, F. M. ,  Open Channel Flow, Macmillan Publ i sh ing  Company, 
I n c . ,  New York, 1966, 522 pp. 
Hydrologic Engineer ing Center ,  "HEC-6 Scour and Depos i t ion  i n  Rivers  
and Rese rvo i r s , "  U.S. Army Corps of Engineers ,  Computer Program 
723-G2-L2470, 1976. 
Jansen ,  P. P., e t  a l . ,  P r i n c i p l e s  of  River  Engineer ing:  The Non-Tidal 
River ,  Fearon P i  tman Pub l i she r s  , Inc. ,  Belmont , C a l i f o r n i a ,  
1979, 509 pp. 
Jordan ,  P. R.,  "F luv ia l  Sediment of t h e  Mis s i s s ipp i  a t  S t .  Louis, 
Mis sou r i , "  U.S. Geological Survey, Water-Supply Paper 1802, 
Washington, D.C., 1965. 
Lane, E. W. and Car l son ,  E. J., "Some Fac tors  Affec t ing  the  S t a b i l i t y  
of  Canals Constructed i n  Coarse Granular  Ma te r i a l s , "  Proceedings,  
Minnesota I n t e r n a t i o n a l  Hydraul ics  Convention, September 1953, 
pp. 37-48. 
Leopold, L. B. and Maddock, T., Jr., "The Hydraulic Geometry of Stream 
Channels and Some Physiographic  Imp l i ca t i ons ,"  Geological  Survey 
P r o f e s s i o n a l  Paper 252, U.S. Department of t h e  I n t e r i o r ,  U.S. 
Government P r i n t i n g  Of f i ce ,  Washington, 1953, 57 pp. 
L i g g e t t ,  J. A. and Cunge, J. A., "Numerical Methods of So lu t ion  of t h e  
Unsteady Flow Equat ions,"  Unsteady Flow i n  Open Channels, 
K. Mahmood and V .  Yev jev ich ,  eds. ,  Water Resources Pub l i ca t i ons ,  
F o r t  C o l l i n s ,  Colorado, 1975, pp. 89-182. 
Limerinos,  J. T., "Determination of t h e  Manning C o e f f i c i e n t  from 
Measured Bed Roughness i n  Natural  Channels," S tud ie s  of Flow i n  
A l l u v i a l  channels ,  U. S. Geological Survey, -water-supply Paper 
1898-B, 1970, 47 pp. 
McCracken, D. D. and Dorn, W. S., Numerical Methods and F o r t r a n  
Programming With App l i ca t i ons  i n  Engineer ing and Science,  John 
Wiley and Sons, Inc. ,  New York, 1968, 457 pp. 
Mostafa,  M. G. and McDermid, R. M.,  Discussion of "Sediment Transport  
Mechanics: Hydraulic Re la t i ons  f o r  A l luv i a l  Streams," ASCE Task 
Committee, Jou rna l  of t h e  Hydraul ics  D iv i s ion ,  ASCE, Vol. 97, 
No. HY10, October 1971, pp. 1777-1780. 
Nakato , T. , "Evalua t ion  of Several  E x i s t i n g  Sediment-Transport 
Formulas f o r  t h e  Sacramento River ,  " F i n a l  Report,  unpubl ished,  
March 1981, 21 pp. 
Nikuradse, J., "Laws of Flow i n  Rough Pipes ,"  ( t r a n s l a t i o n  of 
"Stromungsgesetze i n  rauhen Rohren," 1933),  Nat ional  Advisory 
Committee f o r  Aeronaut ics  Tech Memo 1292, Washington, D.C., 1950, 
62 PP* 
Ponce, V. M . ,  Ind lekofer ,  H. and Simmons, D. B . ,  "The Convergence of 
I m p l i c i t  Bed Trans i en t  Models," Journa l  of t h e  Hydraul ics  
Div is ion ,  Vol. 105, HY4, Apri l  1979, pp. 351-363. 
, , 
Preissmann, A., " D i f f i c u l t e s  Recontrees dans la Calcul des  Ondes de 
T r a n s i t i o n  A Front  Raide , " Congress of t h e  I n t e r n a t i o n a l  
Assoc ia t ion  f o r  Hydraulic Research, Seminar, Leningrad, U.S.S.R., 
1965. 
Ranga Raju, K. G.,  "Res is tance  Re la t ion  f o r  A l luv ia l  Streams," 
La Hou i l l e  Blanche, No. 1, 1970, pp. 51-54. 
Ranga Raju, K. G.,  Garde, R. J. and Bhardwaj, R., "Total Load 
Transport  i n  A l luv ia l  Channels," Jou rna l  of t h e  Hydraul ics  
Div is ion ,  ASCE, Vol. 107, No. HY2, February 1981, pp. 179-191. 
Ro t tne r ,  J., "A Formula f o r  Bed-Load Transport ,  La Houi l le  Blanche 
No. 3 ,  May 1959, pp. 301-307. 
Shen, H. W. and Hung, C. S., "An Engineering Approach t o  Total  Bed- 
Ma te r i a l  Load by Regression Analysis ,"  Symposium t o  Honor 
H. A. E i n s t e i n ,  1971. 
S t r e e t e r ,  V. 'L., F lu id  Mechanics, F i f t h  Ed i t i on ,  McGraw-Hill Book 
Company, Inc. ,  New York, New York, 1971, 755 pp. 
S t r i c k l e r ,  A., "Contr ibut ions t o  t he  Question of Veloc i ty  Formula and 
Roughness Data f o r  Streams, Channels and Closed P ipe l ines ,"  1923, 
t r a n s l a t i o n  by T. Roesgen and W. R. Brownlie, W. M. Keck 
Laboratory T r a n s l a t i o n  T-10, C a l i f o r n i a  I n s t i t u t e  of Technology, 
Pasadena, C a l i f o r n i a ,  January 1981, 104 pp. 
Vanoni, V. A. , "Data Used t o  Develop Shields  Diagram," W .  M. Keck 
Laboratory of Hydraulics and Water Resources, Technical 
Memorandum 65-2, Div is ion  of Engineering and Applied Science, 
C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, Ca l i fo rn i a ,  April  
1965, 8  pp. 
Vanoni, V. A., "Fac tors  Determining Bed Forms of A l luv ia l  Streams," 
Jou rna l  of t h e  Hydraul ics  Div is ion ,  ASCE, Vol. 100, HY3, March 
1974, pp. 363-377. 
Vanoni, V. A., ed., Sedimentation Engineering,  ASCE Manuals and 
Reports  on Engineering P r a c t i c e ,  No. 54., New York, 1975. 
White, W. R., P a r i s ,  E. and B e t t e s s ,  R, "A New General Method f o r  
P r e d i c t i n g  the  F r i c t i o n a l  C h a r a c t e r i s t i c s  of A l luv i a l  Streams," 
Report No. IT 187, Hydraulics Research S t a t i o n ,  Wall ingford,  
England, J u l y  1979. 
White, W. R., M i l l i ,  H. and Crabbe, A. D. ,"Sediment Transport :  
An Appraisal  of Avai lab le  Methods, Vol. 2 ,  Performance of 
Theo re t i ca l  Methods when Applied t o  Flume and F i e l d  Data, " 
Report No. INT 119, Hydraul ics  Research S t a t i o n ,  Wall ingford,  
Be rksh i r e ,  England. 
Wijbenga, J. H. A. and Klaassen,  G. J., "Changes i n  Bedform Dimensions 
Under Unsteady Flow Conditions i n  a S t r a i g h t  Flume," Second 
I n t e r n a t i o n a l  Conference on F l u v i a l  Sediments, Univers i ty  of 
Keele (U.K.), September 1981. 
Yang, C. T., " I n c i p i e n t  Motion and Sediment Transpor t ,"  Journa l  of t h e  
Hydraul ics  D iv i s ion ,  ASCE, Vol. 99, No. HY10, October 1973, 
pp. 1679-1704. 
Data Sources 
Abdel-Aal, Farouk, M . ,  "Extension of Bed Load Formula t o  High Sediment 
Rates ,"  PhD t h e s i s  presented t o  t h e  Un ive r s i t y  of Ca l i fo rn i a ,  a t  
Berkeley,  C a l i f o r n i a ,  December 1969. 
Barton,  J. R., and Lin ,  P.N., "A Study of t h e  Sediment Transport  i n  
A l l u v i a l  Channels,"  Report No. CEF 55JRB2, Colorado S t a t e  
Un ive r s i t y ,  For t  C o l l i n s ,  Colorado, 1955, 41  pp. 
Borgardi , J. , and Yen, C. H. , "Trac t ion  of Pebbles  by Flowing Water, 
PhD t h e s i s  presented t o  t h e  S t a t e  Un ive r s i t y  of Iowa, 1939, 
66 PP* 
Casey, H . J . ,  "Uber Geschiebebewegung," Preuss .  Versuchsanst.  f u r  
Wasserbau und Sch i f ibau ,  B e r l i n ,  M i t t . ,  Vol. 19, 1935, 86 pp. 
( T r a n s l a t i o n  on f i l e  a t  U.S. So i l  Conservat ion Serv ice ,  
Washington, D.C.). 
Chaudhry, H. M. ,  Smith, K. V. H. and V i g i l  H ,  "Computation of Sediment 
Transpor t  i n  I r r i g a t i o n  Canals ,"  Proc. I n s t i t u t i o n  of C iv i l  
Engineers ,  Vol. 45, Paper 7241, 1970, pp. 79-101. 
C h i t a l e s ,  S. V . ,  "Hydraulics of S t ab l e  Channels," Tables  1 3  and 17,  
Government of I n d i a ,  Minis t ry  of I r r i g a t i o n  and Power, Central  
Water and Power Commission, 1966. 
Chyn, S.D., "An Experimental Study of t he  Sand Transport ing Capacity 
of t h e  Flowing Water on Sandy Bed and t h e  Ef fec t  of t he  
Composition of t h e  Sand," t h e s i s  presented t o  t h e  Massachusetts 
I n s t i t u t e  of Technology, Cambridge, Massachusetts,  1935, 33 pp. 
Colby, B. R., and Hembree, C. H . ,  "Computations of Total  Sediment 
Discharge Niobrara River Near Cody, Nebraska," Water-Supply 
Paper 1357, U. S. Geological Survey, Washington, D.C., 1955. 
C o s t e l l o ,  W.R. , "Development of Bed Conf igura t ion  i n  Coarse Sands, " 
Report 74-1, Department of Ea r th  and Plane tary  Science, 
Massachuset ts  I n s t i t u t e  of Technology, Cambridge, Massachusetts,  
1974. 
Culbertson,  J .K. ,  S c o t t ,  C. H. and Bennett ,  J. P., "Summary of 
A 1  l u v i  a1  -Channel Data from Rio Grande Conveyance Channel , New 
Mexico, 1965-69," P ro fe s s iona l  Paper 562-5, United S t a t e s  
Geological Survey, Washington, D.C., 1972, 49 pp. 
Da Cunha, L. V . ,  "River Mondego, Por tuga l ,"  Personal  Communication, 
Labora tor io  Nacional De Engenharia C i v i l ,  Lisboa, 1969. 
Daves, T. R., "Summary of Experimental Data f o r  Flume Tes t s  over  Fine 
Sand ," Department of C iv i l  Engineering,  Univers i ty  of 
Southampton, 1971. 
Eas t  Pak i s t an  Water and Power Development Author i ty ,  "Flume Studies  of 
Roughness and Sediment Transport  of Movable Bed of Sand," Annual 
Report of Hydraulic Research Laboratory f o r  1966, 1967, 
1968-1969, Dacca. 
E i n s t e i n ,  H.A., "Bed Load Transpor t a t ion  i n  Mountain Creek," U.S. Soi l  
Conservat ion Serv ice ,  SCS-TP-55, 1944, 50 pp. 
E i n s t e i n ,  H. A. and Chien, N., " Ef fec t s  of Heavy Sediment 
Concent ra t ion  near  t h e  Bed on Veloc i ty  and Sediment 
D i s t r i b u t i o n , "  MRD S e r i e s  No. 8 ,  Univers i ty  of Ca l i fo rn i a ,  
I n s t i t u t e  of Engineering Research and U.S. Army Engineering 
Div is ion ,  ~ i s s o u r i  ~ i v e r  Corps of Engineers,  Omaha, Nebraska, 
August 1955. 
Foley,  M. G. ,  "Scour and F i l l  i n  Ephemeral Streams," W. M. Keck 
Laboratory Report No. KH-R-33, C a l i f o r n i a  I n s t i t u t e  of 
Technology, Pasadena, C a l i f o r n i a ,  1975. 
Franco, John J. , " Ef fec t s  of Water Temperature on Bed-Load Movement, " 
Jounra l  of Waterways and Harbors Div is ion ,  ASCE, Vol. 94, No. 
WW3, Proc. Paper 6083, August 1968, pp. 343-352. 
Gibbs, C. H. , and N e i l l ,  C. R.,  " In te r im Report on Laboratory Study of 
Basket-Type Bed-Load Samplers,"  Research Council of Alber ta  i n  
a s s o c i a t i o n  w i th  Department of C i v i l  Engineer ing,  Univers i ty  of 
A lbe r t a ,  Apr i l  1972, Number REH/72/2. 
G i l b e r t ,  G. K., "The Transpor t a t i on  of Debris  by Running Water," 
U. S. Geological Survey, P ro fe s s iona l  Paper 86, 1914. 
Guy, H. P., Simons, D. B. and Richardson, E. V . ,  "Summary of Al luv ia l  
Channel Data from Flume Experiments, 1956-61," U.S. Geological 
Survey, P ro fe s s iona l  Paper 462-1, 1966, 96 pp. 
H i l l ,  H. M. ,  S r in ivasan ,  V.S. and Unny, T. E., Jr., " I n s t a b i l i t y  of 
F l a t  Bed i n  A l luv i a l  Channels," Jou rna l  of Hydraul ics  Div is ion ,  
ASCE, Vol. 95, No. HY5, September 1969, pp. 1545-1558. 
Ho, Pang-Yung , "Abhangigkeit d e r  Geschiebebewegung von de r  Kornform 
und der  Temperature," Preuss .  Versuchsanst.  f u r  Wasserbau and 
Schi f fbau ,  B e r l i n ,  M i t t . ,  Vol. 37, 1939, 43 pp. 
Hubbel l ,  D. W. and Matejka,  D. Q . ,  " I n v e s t i g a t i o n  of Sediment 
T ranspo r t a t i on ,  Middle Loup River  a t  Dunning, Nebraska," U.S. 
Geological  Survey, Water Supply Paper No. 1476, 1959. 
Johnson, J. W . ,  "Laboratory I n v e s t i g a t i o n s  on Bed-Load Transpor t a t i on  
and Bed Roughness, " U.S. S o i l  Conservat ion Serv ice ,  SCS-TP-50, 
1943. 
J o r i s s e n ,  A. L., "Etude Experimentale du Transport  Sol ide  des  Cours 
dlEau,"  Revue Un ive r se l l e  des  Mines, Belgium, Vol. 14 ,  No. 3 ,  
1938, pp. 269-282. 
Kal inske , A. A. , and Hsia ,  C. H. , "Study of T ranspo r t a t i on  of Fine 
Sediments by Flowing Water, " Iowa Un ive r s i t y  S tud ie s  i n  
Engineering, B u l l e t i n  29, 1945, 30 pp. 
Kennedy, J. F. , " S ta t iona ry  Waves and Antidunes i n  A l luv i a l  Channels, " 
Report KH-R-2, W. M. Keck Laboratory of Hydraul ics  and Water 
Resources,  C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, 
C a l i f o r n i a ,  1961. 
Kennedy, J. F. and Brooks, N. H., "Laboratory Study of An Al luv i a l  
Stream of Constant Discharge,"  Proceedings,  Federal  Inter-Agency 
Sediment Conference, Misc. Pub. 970, U.S. Department of 
Agr i cu l tu re ,  1963, pp. 320-330. 
Knott ,  J . M . ,  "Sediment Discharge i n  t h e  T r i n i t y  River Basin,  
C a l i f o r n i a , "  Water-Resource I n v e s t i g a t i o n s  49-73, U.S. Geological 
Survey, 1974, 62 pp. 
Laursen,  E. M. ,  "The t o t a l  Sediment Load of Streams," ASCE, Journa l  
of t h e  Hydraul ics  D iv i s ion ,  Vol. 84, No. HY1, Proc. Paper 1530, 
February 1958, 36 pp. 
Leopold, L. B. ,  "Personal Communication, "Sediment Transport  Data f o r  
Various U. S. Rivers ,"  1969. 
MacDougall , C. H. , "Bed-Sediment T ranspo r t a t i on  i n  Open Channels, " 
Transac t ions  of t h e  Annual Meeting 14 ,  American Geophysical 
Union, 1933, pp. 491-495. 
Mahmood, K., e t  a l . ,  "Se lec ted  Equi l ibr ium- State  Data from ACOP 
Canals ,  " C i v i l ,  Mechanical and Environmental Engineer ing 
Department Report No. EWR-79-2, George Washington Un ive r s i t y ,  
Washington, D.C., February 1979, 495 pp. 
Mavis, F. T., Liu,  T., and Soucek, E. ,  "The Transpo r t a t i on  of D e t r i t u s  
by Flowing Water -- 11," Iowa Un ive r s i t y  S tud ie s  i n  Engineer ing,  
B u l l e t i n  11, 1937, 28 pp. 
Meyer-Peter, E., and Muller ,  R., "Formulas f o r  Bed Load Transpor t ,"  
Proceedings,  Second Meeting of I n t e r n a t i o n a l  Assoc ia t ion  f o r  
Hydraul ic  S t r u c t u r e s  Research, Stockholm, 1948, 26 pp. 
Milhous, R.T. , "Sediment Transport  i n  a Gravel-Bottomed Stream," 
PhD t h e s i s ,  Oregon S t a t e  Un ive r s i t y ,  1973, 232 pp. 
Mut te r ,  Douglas Gerald,  "A Flume Study of A l luv i a l  Bed 
Conf igura t ions ,  " Masters  t h e s i s  submit ted t o  t h e  Facul ty  
of  Graduate S tud ie s ,  Univers i ty  of Alber ta ,  1971. 
NEDECO, "Rio Magdalena and Canal d e l  Dique P r o j e c t ,  Mission Tecnica 
Colombo-Holandesa," NEDECO Report ,  NEDECO, t h e  Hague, 1973. 
N e i l l ,  C. R., "Laboratory Study of Scour of Coarse Uniform 
Bed Mate r i a l  ," Personal  Communication, Research Council of 
A lbe r t a ,  1967. 
Nordin, C. F. , Jr . , "Flume S tud ie s  w i th  F ine  and Coarse Sands, " 
Open F i l e  Report 76-762, U.S. Geological Survey, Washington, 
D.C.,  1976, 18  pp. 
Nordin, C. F. and Beverage, J. P., "Sediment Transport  i n  t h e  
Rio Grande, New Mexico," P ro fe s s iona l  Paper 462-F, U.S. 
Geological  Survey, Washington, D.C. 1965, 35  pp. 
OIBrien,  M. P., "Notes on t h e  T ranspo r t a t i on  of S i l t  by Streams," 
Transac t ions  of t h e  Annual Meeting 17 ,  American Geophysical 
Union, 1936, pp. 431-436. 
Onishi ,  Y.,  J a i n ,  S. C. and Kennedy, J. R. , " Ef fec t s  of Meandering i n  
~ i l u v i a l  Channels, " Jou rna l  of ~ t h e  ~ ~ d r a u l i c s  Div is ion ,  ASCE; 
Vol. 102, No. HY7, J u l y  1976, pp. 899-917. 
P a i n t a l ,  A. S., "Concept of C r i t i c a l  Shear S t r e s s  i n  Loose Boundary 
Open Channels," Jou rna l  of Hydraul ic  Research, No. 1, 1971, 
pp. 90-113. 
Pe terson ,  A. W. , and Howells , R. F. , "A Compendium of Sol ids  Transport 
Data f o r  Mobile Boundary Channels," Report No. HY-1973-ST3, 
Department of C i v i l  Engineering,  Univers i ty  of A1 be r t a ,  Canada, 
January 1973. 
P r a t t ,  C. J., "Summary of Experimental Data f o r  Flume T e s t s  over 
0.49 mm Sand ," Department of C i v i l  Engineering,  Univers i ty  of 
Southampton, 1970. 
Samide, G. W . ,  "Sediment Transport  Measurements," Masters t h e s i s  pre- 
sented  t o  t he  Univers i ty  of Alber ta ,  June 1971. 
Sato , S. , Kikkawa, H. and Ashida, K. , "Research on t h e  Bed Load 
Transpor t a t ion ,"  Jou rna l  of Research, Publ ic  Works Research 
I n s t i t u t e ,  Vol. 3 ,  Research Paper 3 ,  Const ruc t ion  Minis t ry ,  
Tokyo, Japan, March 1958, 21 pp. 
S e i t z  , H. R. , "Suspended and Bedload Sediment Transport  i n  t h e  Snake 
and Clearwater  Rivers  i n  t h e  V i c i n i t y  of Lewiston, Idaho ," 
F i l e  Report 76-886, U. S. Geological survey ,  Boise, Idaho, 1976, 
77 PP* 
Shen, H. W . ,  Mellema, W. J. and Harr ison,  A.S., "Temperature and 
Missouri  River Stages Near Omaha, " Jou rna l  of t h e  Hydraulics 
Div is ion ,  ASCE, Vol. 104, No. HY1,  January 1978, pp. 1-20. 
Shinohara,  K i n j i  and Tsubaki, Toichi ro ,  "On t h e  C h a r a c t e r i s t i c s  of 
Sand Waves Formed Upon Beds of t he  Open Channels and Rivers ,"  
Reprinted from Reports  of Research I n s t i t u t e  of Applied 
Mechanics, Kyushu Univers i ty ,  Vol. V I I ,  No. 25, 1959. 
Simons, D. B. , "Theory of Design of S t ab le  Channels i n  Al luvia l  
M a t e r i a l s ,  PhD t h e s i s ,  Colorado S t a t e  Univers i ty ,  May 1957. 
Singh, B. , "Transport  of Bed-Load i n  Channels w i th  Spec ia l  Reference 
t o  Gradient  Form," PhD t h e s i s  presented t o  t h e  Univers i ty  of 
London, London, England, 1960. 
Soni ,  J. P., "Short S t a t i s t i c a l  Analysis  of Total  Load Concentrat ion,"  
Journa l  of t h e  Hydraul ics  Div is ion ,  ASCE, Vol. 106, No. HY8, 
August 1980, pp. 1383-1389. 
S t e i n ,  R. A., "Laboratory S tud ie s  of Total  Load and Apparent Bed 
Load," Jou rna l  of  Geophysical Research, Vol. 70, No. 8 ,  1965, 
pp. 1831-1842. 
S t r aub ,  L. G. ,  " T ranspo r t a t i on  C h a r a c t e r i s t i c s  Missouri  River 
Sediment," M.R.D. Sediment S e r i e s  No. 4,  St .  Anthony F a l l s  
Hydraul ic  Laboratory,  Minneapolis,  Minnisota,  Apr i l  1954. 
S t r aub ,  L. G.,  Anderson, A. G. and Flammer, G. H.,  "Experiments on t h e  
In f luence  of Temperature on t h e  Sediment Load," M.R.D. Sediment 
S e r i e s  No. 10, St .  Anthony F a l l s  Hydraulic Laboratory,  
Minneapol is ,  Minnisota,  January 1958. 
Taylor ,  B. D., "Temperature E f f e c t s  i n  A l luv i a l  Streams," W. M. Keck 
Laboratory of Hydraul ics  and Water Resources Report KH-R-27, 
C a l i f o r n i a  I n s t i t u t e  of Technology, Pasadena, C a l i f o r n i a ,  
August 1971, 204 pp. 
T o f f a l e t i ,  F. B . ,  "A Procedure f o r  Computation of t h e  Total  River  Sand 
Discharge and De ta i l ed  D i  s t r i b u t  ?on, Bed t o  Surf ace ,  " Technical  
Report No. 5, Committee of Channel S t a b i l i z a t i o n ,  Corps of 
Engineers ,  U. S. Army, November 1968. 
United S t a t e s  Department of t h e  I n t e r i o r ,  Bureau of Reclamation, 
" In t e r im  Report ,  Tota l  Sediment Transport  Program, Lower 
Colorado River  Basin,"  January 1958, 175 pp. 
United S t a t e s  Army Corps of Engineers ,  U.S. Waterways Experiment 
S t a t i o n ,  Vicksburg, M i s s i s s i p p i ,  "Studies  of River Bed Ma te r i a l s  
and The i r  Movement w i th  Spec ia l  Reference t o  t h e  Lower 
M i s s i s s i p p i  River ,  Paper 17 ,  1935A, 161 pp. 
United S t a t e s  Army Corps of Engineers ,  U.S. Waterways Experiment 
S t a t i o n ,  Vicksburg, Mis s i s s ipp i ,  "Effec t  of Tu rb id i ty  on Sand 
Movement, " unpubli  shed r e p o r t  of experiments,  193 5B. 
United S t a t e s  Army Corps of Engineers ,  U.S. Waterways Experiment 
S t a t i o n ,  Vicksburg , M i s s i s s i p p i ,  "Flume T e s t s  Made t o  Develop a 
Syn the t i c  Sand Which W i l l  Not Form Ripples  When Used i n  
Movable-Bed Models," Technical  Memorandum 99-1 (unpubl ished) ,  
1936A, 21 pp. 
United S t a t e s  Army Corps of Engineers ,  U. S. Waterways Experiment 
S t a t i o n ,  Vicksburg, M i s s i s s i p p i ,  "Flume T e s t s  of Synthe t ic  
Sand ~ i x t u r e  (sand No. l o ) , "  Technical  Memorandum 95-1 
(unpubl i shed) ,  1936B, 21 pp. 
United S t a t e s  Army Corps of Engineers ,  U.S. Waterways Experiment 
S t a t i o n ,  Vicksburg, M i s s i s s i p p i ,  "Studies  of Light-Weight 
M a t e r i a l s ,  w i th  Spec ia l  Reference t o  t h e i r  Movement and use a s  
Model Bed Ma te r i a l , "  Technical  Memorandum 103-1 (unpubl ished) ,  
1936C, 56 pp. 
Vanoni, V. A. , and Brooks, N. H. , "Laboratory S tud ie s  of t h e  Roughness 
and Suspended Load of A l luv i a l  Streams," M.R.D. Sediment S e r i e s  
No. 11, C a l i f o r n i a  I n s t i t u t e  of Technology Sedimentat ion 
Laboratory,  1957, 121 pp. 
Vanoni , V. A. , and Hwang , Li San, " Re la t i on  Between Bed Forms and 
F r i c t i o n  i n  Streams," Jou rna l  of t h e  Hydraul ics  Div is ion ,  ASCE, 
Vol. 93, No. HY3, Proc. Paper 5242, May 1967, pp. 121-144. 
West Bengal, Government o f ,  "Study on t h e  C r i t i c a l  T rac t ive  Force 
Various Grades of Sand," Annual Report of t h e  River  Research 
I n s t i t u t e ,  West Bengal, P u b l i c a t i o n  No. 26, P a r t  I, 1965, 
pp. 5-12. 
Wil l iams,  G. P. ,  "Flume Width and Water Depth E f f e c t s  i n  Sediment 
Transpor t  Experiments,"  U.S. Geological Survey, P ro fe s s iona l  
P a ~ e r  562-H. 1970. 
W i l l i s ,  J. C.,  Coleman, N. L. and E l l i s ,  W. M . ,  "Laboratory Study of 
Transport  of F ine  Sand," Jou rna l  of  Hydraul ics  Div is ion ,  ASCE, 
Vol. 98, HY3,  Proc. Paper 8765, March 1972, pp. 489-501. 
Willis, J . C . ,  "Suspended Load from Error- Funct ion Models," Jou rna l  of 
t h e  Hydraul ics  D iv i s ion ,  ASCE, Vol. 105, No. HY7, J u l y  1979, 
pp. 801-816. 
Znamenskaya , N. S. , "Experimental Study of t h e  Dune Movement of 
Sediment," Transac t ions  of t h e  S t a t e  Hydrologic I n s t i t u t e  
(Trudy GGI) No. 108, 1963, pp. 89-111. Trans la ted  by L. G. 










































3 4  
Table  1 L i s t  of I n v e s t i g a t o r s  f o r  Labora to ry  Data 
Number 
of 
I n v e s t i g a t o r ( s )  Records 
Abdel-Aal, F. M. (1969) 1 0  
Bar ton ,  J . R . ,  L in ,  P. N. (1955) 28 
Government of West Bengal (1965) 18 
Bogardi ,  J.,  Yen, C. H. (1936) 4 8 
Brooks, N. H.,  ( 1 9 5 7 ) ~  2 1 
Casey, H. J. (1935) 92 
Chyn, S.D. (1935) 3 2 
C o s t e l l o ,  W. R. (1974) 28 
Davies ,  T. R. (1971) 7 9 
E i n s t e i n ,  H. A., Chien,  N. (1955) 16 
E. P a k i s t a n  Water and Power (1967) 6 8 
Gov. of E. P a k i s t a n  (1966,1968,1969) 56 
Fo ley ,  M. (1975) 12 
Franco,  J. J. (1968) 19 
Gibbs,  C. H. ,  N i e l l ,  C. R. (1972) 9 
G i l b e r t ,  G. K. (1914) 889 
G i l b e r t ,  G. K. (1914) Energy Slope 125 
G i l b e r t ,  G. K. (1914) Uniform Flows 62 
Guy, H. P., e t  a l .  (1966) 3 39 
H i l l ,  H. M. ,  e t  a l .  (1969) 4 6 
Ho, P. (1939) 80 
J o r i s s e n ,  A. L. ( 1 9 3 8 ) ~  26 
Kal inske ,  A., Hsia, C. (1945) 9 
Ka lkan i s ,  G. ( 1 9 5 7 ) ~  2 3 
Kennedy, J. F. (1961) 4 1 
Kennedy, J. F., Brooks, N. H. (1965) 9 
Laursen,  E. M. (1958) 24 
Mavis, F. T., e t  a l .  (1937) 293 
MacDougal, C. H. ( 1 9 3 3 ) ~  7 4 
Meyer-Peter, E., M u l l e r ,  R. (1948) 135  
M u t t e r ,  D.G. (1971) 28 
N e i l l ,  C. R. (1967) 5 1 
Nomicos G. ( 1 9 5 7 ) ~  3 0 
Nordin. C. F. (1976) 6 2 
OIBr ien ,  M. P. (1936) 83 
O n i s h i ,  Y. ,  e t  a l .  (1972) 1 4  
P a i n t a l  , A. S. (1971 ) 9 6 
P r a t t ,  C. J. (1970) 60  
S a t o ,  S., e t  a l .  (1958) 243 
Running 























I n v e s t i g a t o r ( s )  Records 
Singh,  B. (1960) 305 
Soni ,  J. P. (1980) 2 3 
S t e i n ,  R. A. (1965) 56 
S t r a u b ,  L. G. (1954, 1958) 2 4 
T a y l o r ,  B. D. (1971) 3 9 
Vanoni, V. A.,  Brooks, N. H. (1957) 15 
Vanoni, V. A. , Hwang , L. S. ( 196514 16 
W i l l i s ,  J. C. (1979) 3 2 
W i l l i a m s ,  G. P. (1970) 17 7 
Willis, J. C . ,  e t  a l .  (1972) 96 
US Waterways Exp. Sta .  (19356) 330 
US Waterways Exp. Sta .  (1936A) 102 
US Waterways Exp. Sta .  (1936C) 29 8 
US Waterways Exp. Sta .  (1936B) 313 
US Waterways Exp. Sta .  (1935B) 23 
Znamenskaya, N. S. (1963) 36 
Running 
T o t a l  
1. Data s o u r c e :  Vanoni and Brooks (1957). 
2. O r i g i n a l  r e f e r e n c e  does  n o t  c o n t a i n  d a t a ,  a c t u a l  d a t a  source :  
Johnson (1943). 
3. Data s o u r c e :  Abdel-Aal (1969). 
Page 
4. Data source :  Vanoni and Hwang (1967). 










H I 1  
LEO 





I n v e s t i g a t o r ( s )  
ACOP Canal 
Mahmood, K. ,  e t  a l .  (1979) 
American Canal 
Simons, D. B. (1957) 
Atchafalaya River  
T o f f a l e t i ,  F. B. (1968) 
Canal Data 
C h i t a l e ,  S. V. (1966) 
Chop Canals 
Chaudhry, e t  a l .  (1970) 
Chop Canals 
Chaudhry, e t  a l .  (1970) 
Colorado River  
U. S. Bureau of Reclamation (1958) 
H I 1  River  
Shinohara,  K.,  Tsubaki, T. (1959) 
River  Data 
Leopold, L. B. (196911 
Middle Loup River 
Hubbel l ,  D.,  Matejka,  D. (1959) 
Mis s i s s ipp i  River 
T o f f a l e t i ,  F. B. (1968) 
Missouri  River 
Shen, H. W . ,  e t  a l .  (1978) 
Mountain Creek 


















































River and of 
I n v e s t i g a t o r ( s )  Records 
Rio Magdelena and Canal d e l  Dique 113 
NEDCO (1973) 
Niobrara  River  40 
Colby, B.R., Hembree, C. H. (1955) 
North Saskatchewan Riv. & Elbow Riv. 55 
Samide, G. W.  (1971) 
Oak Creek, Oregon 
Milhous, R. T. (1973) 
Por tuga l  ~ i v e r s l  
Da Cunha, L. V. (1969) 
Red River  
T o f f a l e t i ,  F. B. (1968) 
Rio Grande Conveyance Channel 3 3 
Culber tson,  J. K.,  e t  a l .  (1976) 
Rio Grande River 293 
Nordin, C.F., Beverage, C.P. (1965) 
Rio Grande near  B e r n a l i l l o ,  N.M. 38 
T o f f a l e t i ,  F. B. (1968) 
Snake and Clearwater  River  
S e i t z ,  H. R. (1976) 
T r i n i t y  River 
Knott ,  J. M. (1974) 
Runn i ng 
























1. Data Source: Pe te rson  and Howells (1973). 
TABLE 3 
LAB0 RATOEY DATA 




ABA - DATA OF APDEL-AAL, F.M. 11969) 
(SHEET 1 OF 1) 
WIDTH DEPTH SLOPE 050 GRAD- SPEC. 
M M S*lOOO MM ATION GRAV. 
CONC. TEP1P. BF 
PPM D E 6 . C  











1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  
1 7  
18 








































BAL - DATA OF BARTON, J - R .  AND LINv P.N. (1955)  


























































































































CONC. TEMP. 6F 
PPM 0 E G . C  











1 0  
11 
12 
1 3  
14  
1 5  
1 6  
1 7  





















BEN - DATA OF GOVT. OF W. BENGAL (1965)  


















































































PPM DEG. C 
BOY - DATA OF BOGARDI, J. AND YEN, C.H. 119361 
(SHEET 1 OF 11 
I D  DISCHARGE 
NO. L/S 
WIDTH DEPTH SLOPE 050 GRAD- SPEC. 




















































































































1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 















































BRO - DATA OF BROOKS, N . H .  (1957)  































































1 - 1 7  
1.17 
1.17 



























CGNC. TEMP. BF 
FPM DEG. C 
CAS - DATA OF CASEY, H .J .  (1935) 
(SHEET 1 OF 2) 















































































































































































































































































































































































































CONE. TEMP. BF 
PPM DEG. C 
CAS - DATA OF CASEY, H.J.  (1935) 
(SHEET 2 OF 2) 










































































































































































































































CONC. TEHP. BF 
PPM DEG. C 
CHY - DATA OF CHYNI S.D. (1935) 
(SHEET 1 OF 11 










































































































































































D50 GRAD- SPEC. CONC. TEMP. BF 





























































COS - DATA OF COSTELLO, W.R. (1974) 






















































































































































































PPH DEG. C 
DAV - DATA OF D A V I E S ,  T.R. ( 1 9 7 1 )  
(SHEET 1 OF 2 1 











1 0  
11 
1 2  
13 
1 4  
15 
16 
1 7  
18 




















3 9  
40 
4 1  
42  
4 3  
4 4  
45  
46 
4 7  
4 8  




5 3  
54  














































































































































































































































































1 - 1 7  
1.17 
1 .17  
1.17 




1 .17  
1.17 










2 .65  
2.65 




















































PPM D E G . C  














































































DAV - DATA OF DAVIES,  T.R.  (19711 











































































































EAC - DATA OF EINSTEIN AND CHIEN (1955) 




























































































PPM DEG. C 































































































































































































































































































050 GRAD- SPEC. CONC. TEMP. 6F 
HM ATION GRAV. PPN DEG. C 
I D  
NO. 
EPA - DATA OF E. PAKISTAN WATER AND POWER DEVELOPNENT AUTHORITY ( 1 9 6 7 )  
(SHEET 2 O F  2 1  
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. CONC. T E W .  6F 
L/S M M S++lOOO MH ATION GRAV. PPM DEG. C 



































































































































































































































































































































































































































































































































EPB - DATA OF M E  GOVT. OF EAST PAKISTAN (1966>1969r1969)  
(SHEET 2 OF 2 )  
ID DISCHARGE NIDTH DEPTH SLOPE 050 GRAD- SPEC. CONC. TEEP. BF 
NO. L/S n M S + ~ O O O  MM ATION GRAV. PPM D E G - c  




























FOL - DATA OF FOLEY, H. (1975) 
(SHEET 1 OF 1 1  
WIDTH DEPTH SLOPE D50 GRAD- SPEC. C O W .  TEMP. 
































































FRA - DATA OF FRANC03 J.J. (1965) 





















































































CONC. TEMP. BF 
PPH OEG.C 
I D  
NO. 
G IB  - DATA OF GISBS, C.H. AND NEILL,  C.R. ( 1 9 7 2 )  
(SHEET 1 OF 1) 
DISCHARGE WIDTH DEPTH SLOPE D50 GRRO- SPEC. CONC. TENP. 6F 
L/S M H S*lOOO MM ATION GRAV. PPM D E G .  C 
G I L  - DATA OF GILBERT, G.K. 11914) 
































































































































































































































































































CONC. TEMP. BF 
PPH D E G - C  
6 1 L  - DATA OF GILBERT, G.K. (1914) 


















































































































































































































































































































































































































G I L  - DATA OF GILBERT,  G.K. ( 1 9 1 4 )  













1 2 1  
122 






















1 4 5  
146 
147  





1 5 3  







1 6 1  
162 








































































0 .201  

































































































































































1 - 1 3  
1 .13  
1 .13  




























1 .13  
1.13 











1 . 1 3  
1 .13  
1 . 1 3  
1 .13  




1 . 1 3  


























































CONC. T E P P .  BF 
PPM 0 E G . C  
G I L  - DATA OF GILBERT, G.K. (1914)  
































































































































































































































1 - 1 3  





























































CONC. TEMP. 6F 
PPM DEG. C 

G I L  - DATA OF GIL6ERT9 G.K. 11914) 
(SHEET 6 OF 17) 































































































































































































































































































CONC. TEMP. BF 
PPM DEG. C 
GIL - DATA OF GILBERT, G.K. (19141 
(SHEET 7 OF 171 





















































































































































































































































































































































COhiC. TEPfP. 6 F  























































GLL - DATA OF GILGERT, G.K. (19141  




























4 1  1 



































































































































































































































































CONC. TEMP. BF 
PPM DEG. C 
6 I L  - DATA OF GILBERT, G.K. (19141 
(SHEET 9 OF 1 7 )  






















































































































































































































1 1 2  
1 1 2  
1.12 
1.12 



































































2 - 6 5  
2.65 
C O X .  TEMP. 6F 
PPM DEG. C 
G I L  - DATA OF GILBERT, G.K. (1914) 
(SHEET 10 OF 17) 













































































































































































































































































































































































































GIL - DATA OF GILBERT, G.K. (1914)  
(SHEET 11 OF 1 7 1  
I D  
NO. 





















































































































































































1 - 1 3  
1.13 
1.13 










































1 - 1 3  


























































CONC. TEMP. BF 
PPM DEG. C 
GIL - DATA OF GILBERT, G . K .  f 1 9 1 4 )  
(SHEET 1 2  OF 1 7 )  









































6 4 5  
646 







6 54  

































































D50 GRAD- SPEC. CONC. TEMP. 6F  
MM ATIDN GRAV. PPM DEG. C 
GIL - DATA OF GILBERT, G.K. (1914)  




















































7 1  0 
7 1   















































































































































































C O W .  TEMP. BF 
PPN DEG.C 
GIL - DATA OF GILBERT, G.K. (19141 

























































































































































































































































































































































GIL - DATA OF GILBERT, G.K. (1914) 
(SHEET 15 OF 17) 





























































































































































































































































































G I L  - DATA OF GIL6ERT, G.K. (1914)  
(SHEET 16 OF 17)  

































































































































































1 - 1 2  
1.12 



































































CONC. TEPIP. BF 
PPM DEG. C 















G I L  - DATA OF GILBERT, G.K. (19141 














































PPH DEG. C 
GKA - GILBERT,  G.K. (19141 - ENERGY SLOPE 
(SHEET 1 OF 3) 


































































































































































































































CONC. TEPIP. BF 
PPM DEG. C 
GKA - GILBERT, G.K. (1914) - ENERGY SLOPE 
(SHEET 2 OF 3) 































































































































































































































































































CONC. TEMP. 6F 
PPM D E G . C  
I D  DISCHARGE 
NO. U S  
GKA - G I L B E R T ,  G . K .  (1914) - ENERGY SLOPE 
[ S H E E T  3 OF 3 )  
WIDTH DEPTH SLOPE D50 GRAD- SPEC. CONC. TEMP. BF 
















GKB - GILBERT, G.K. (19141 - UNIFORM FLOWS ONLY 












1 1  






1 8  


























4 5  
46 
47 
4 8  
4 9  
50 




5 5  
DISCHARGE 














































































































































































































































1 - 1 3  
1.13 





























































































2 - 6 5  








CONC. TEMP. 6F 





GKB - GILBERT, G.K. 119141 - UNIFORM FLOWS ONLY 
(SHEET 2 OF 2 )  
WIDTH DEFTH SLOPE 050 GRAD- SPEC. CONC. TEMP. 
H M S*lOOO MM . ATION GRAV. PPM OEG. C 
GUY - DATA OF GUY H.P., SIMONS, D.5. AND RICHARDSON, E.V. 11966)  












1 1  
12 
1 3  
1 4  




























4 3  
44  
4 5  
46 
4 7 
4 8  
4 9  
50 
5 1  
5 2  
5 3  
54  















































































































































































SPEC. CONC. TEMP. EF 
GR AV . PPM DEG. G 
































































































































































































































































































050 GRAD- SPEC. CONC. TEMP. BF 
NPl ATION GRAV. PPtl DEG. C 
GUY - DATA OF GUY H.P., SIMONS, 0 .8 .  AND RICHARDSON, E .V .  (1966) 











































































































































































(SHEET 4 OF 7 )  
SLOPE 050 



















































































































CONC. T E N P .  EF 
PPPl DEG. C 





















































2 7 1  
2 72 
2 73  
2 7 4  



















































































































(SHEET 5 OF 71 
DEPTH SLOPE 
M S*lOOO 
D50 GRAD- SPEC. CONC. TEMP. BF 
MM ATION ERAV. PPtl DEG. C 
GUY - DATA OF GUY H.P,r SINONS, D . 6 .  AND RICHARDSON, E.V.  ( 1 9 6 6 )  






























































































































































































































































































D50 GRAD-  SPEC. CONC. TEMP. 6F 
MN ATION GRAV. PPPt O E G .  C 
I D  
NO. 
GUY - DATA OF GUY H.P.,  SIMONS, D.B. AND RICHARDSON, E.V. (1966) 
(SHEET 7 OF 7) 
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. C O X .  TEMP. SF 
L/S M M S*lOOO MM ATION GRAV. PPM DEG. C 
H I L  - DATA OF H ILL ,  H.M.9 SRINIVASAN, V.S., AND WNYt T.E. JR. 119691 














1 3  
1 4  
1 5  
1 6  
1 7  
1 8  


















3 7  
38 









































































































































































































D50 GRAD- SPEC. CONC. TEMP. BF 
MM ATION GRAV. PPM DEG. C 
HPY - DATA OF HO, PANG-WNG 
(SHEET 1 OF 21 











































































































































































DEPTH SLOPE D50 





CONC. TEMP. BF 
PPM D E G . C  
I D  
NO. 
56  
5 7  
58 




6 3  
64 
6 5  
66 
6 7  
6 8  
6 9 
70 
7 1  
72 
7 3  
74 




























































HPY - DATA OF HOP PANS-YUNG 11939)  














































































1 - 7 6  
























































































JOR - DATA OF JORISSEN, A.L. (19381 























































































CONC. TEMP. PF 
PPM DEG. C 
I D  
NO. 
KAH - DATA OF KALINSKE? A.A. AND HSIA? C.H. 11945)  
(SHEET 1 OF 1) 
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. CONC. TEHP. 
L/S M M S*lOOO MM ATION GRAV. FPM DEG. C 











































































KAL - DATA OF KALKANIS,G. (19571 












































































CONC. TEEIP. 6F 
PPPI DEG. C 
KEN - DATA OF KENNEDY, J.F. (19611 
(SHEET 1 OF 1) 
























































































































































































































































































































































I D  
NO. 
KNB - DATA OF KENNEDY, J.F. AND BROOKS, N.H. (19651 
(SHEET 1 OF 11 
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. CONC. TEMP. 6F 
























1 3  
1 4  
1 5  
16  
1 7  
1 8  
1 9  
20 






























LAU - DATA OF LAURSEN, E.M. (19581 









































































1 - 2 0  
1 - 2 0  































PPPI D E G . C  


















































































































































































































































































































































































































CONC. TEMP. BF 
PPM DEE. C 



















1 2 7  
1 2 8  
1 2 9  
130 





















































































































































(SHEET 3 OF 61 
DEPTH SLOPE 
M S*lOOO 
050 GRAD- SFEC. CONC. TEMP. BF 
MM ATICN GRAV. PPPl CEG. C 
MAV - DATA OF MAVIS? F.T.9 L I U ,  T. AND SOUCEK, E .  (1937) 
















































































































































































































































































































































































































C O X .  TEW. BF 
PPM DEG. C 































































































































































































































































































CONC. TEEIP. EF 


















2 9 1  
292 
293 
MAV - DATA OF MAVIS, F.T.,  LIU, T. AM3 SOUCEK, E. (1937)  




























































































































I D  
NO. 
56 
5 7  
58 
5 9  
6 0 
6 1  
6 2 
6 3 
6 4  




















































MCD - DATA OF HACDOUGAL, C.H. (1933)  























































1 - 7 1  
1.71 
















































































































































DPR - DATA OF MEYER-PETER, E.  AND HULLER, R .  (1948) 












































































































































































D50 GRAD- SPEC. C3NC. TEMP. BF 
MM ATION GRAV. PPM D E G . C  
MPR - DATA OF HEYER-PETER, E. AND MULLER, R .  ( 1 9 4 5 )  
( S H E E T  2 OF 3 )  
I D  
NO. 
56 




6 1  
62 
6 3 
6 4  
6 5 
66  






7 3  










8 4  
6 5  
86 
8 7  
8 8  








9 7  
9 8  
9 9  
100 
1 0 1  
102 
1 0 3  
104 
1 0 5  
106 
1 0 7  




























































































1 .999  















1 .999  
1.999 
1 .999  
1 .999  




























































































































1 .99  
1.99 
1 .99  










1 . 9 4  
1.94 
1.94 





















































































2 .68  
2.68 
2.68 






CONC. TEPIP. BF 





















1 8  






































































HUT - DATA OF MUTTER, D.G. 11971) 























































































































CONC. TEMP. 6F 
PPM I ) E S . C  
N E I  - DATA OF NEILL, C.R. 
(SHEET 1 OF 1 )  














1 3  
1 4  
1 5  
16 
1 7  
1 8  
























































































DEPTH SLOPE D50 
M S ~ ~ O O O  HII 
GRAD- 
ATION 
SPEC. CONC . 
GRAV. PPM 
TEHP. 5F  
DEG. C 
NOM - DATA OF NOHICOS (1957) 

































































































































































































































CONC. TEMP. BF 

















































































































































NOR - DATA OF NORDIN,C.F.,JR. (1976) 






























































































































































































































































































C O X .  TENP. BF 
PPH DES. C 




NOR - DATA OF NORDIN,C.F.,JR. (1976) 
(SHEET 2 O F  2) 
WIDTH DEPTH SLOPE D 5 0  GRAD- SPEC. CONC. TEPIP. 
H H S*lOOO HM A T I O N  GRAV. FPM D E G . C  
OBR - DATA OF OERIEN, M.P.  ( 1 9 3 5 )  













1 1  
12 
13  
1 4  
15 
16 
1 7  
1 8  






















4 1  
42 








5 1  
5 2  










































































































































































































































1 .51  
1 .51 










1 .51  
1 .51  
1 .51  
1 .51 




1 . 5 1  
1 .51 




1 . 5 1  
1 .51  
1 .51 
1 .51 
1 .51  
1 .51  
1 . 5 1  
1 .51 
1 . 5 1  





1 .51  
1 .51  
1 .51  
1 . 5 1  
1 .51 
1 . 5 1  
1 .51 
1 .51 
1 . 5 1  
1 .51 
1 - 5 1  
1 .51 
1 - 5 1  


























































CONC. T E W .  BF 
PPM D E G - C  































u s  
158.748 

























































OBR - DATA OF OBRIENt M.P. 































































































































OJK - DATA OF ONISHI, JAIN AND KENNEDY (1972) 
(SHEET 1 OF 1) 
WIDTH DEPTH SLOPE 050 GRAD- SPEC. 
M M S*lOOO MM ATIOH GRAV. 
CONC. TEI'IP. 















PA1 - DATA OF PAINTAL, A.S. (1971) 
(SHEET 1 OF 2) 













































































































































































































































































































































































































CONC. T E W .  BF 
PPN DEG. C 

PRA - DATA OF PRATT, C . J .  119701 
(SHEET 1 OF 2) 















































































































































































































































































































































































































CONC. TEMP. BF 
PPM DEG. C 
PRA - DATA OF PRATTI C.J. (1970) 
(SHEET 2 OF 2 1  
I D  DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. CONC. TEMP. EF 
NO. L/S M M S*lOOO MM ATION GRAV. PPM BEG. C 
SAT - DATA OF SATO, S.r KIKKAtlA, N. AND ASHIDA (1958) 
















































































































































































































































































































































































































C O W .  TEMP. BF 
w r i  D E G . C  































































































































































































































































































D50 GRAD- SPEC. CONC. TEMP. BF 
MM ATION GRAV. PPi? DEG. C 
SAT - DATA OF SATO, S.s KIKKAWA, H. AND ASHIDA ( 1 9 5 8 )  














1 2 3  
124  
















1 4 1  
142 





1 4 8  
149  
150 
1 5 1  
152 






















































































































































































































































1 - 0 0  
1 - 0 0  
1:oo 
1 - 0 0  
1.00 
1.00 





1 - 0 0  
1 - 0 0  
1 - 0 0  
1.00 
1 - 0 0  
1 .00  









1 .00  
1.00 
1 - 0 0  
1.00 
1 - 0 0  
1.00 
1 - 0 0  
1.00 
1.00 







1 - 0 0  
1.00 


















































2 .65  
2 .65  
2.65 
2.65 












CONC. TEEIP. 6F 
PPH DEG. C 
SAT - DATA OF SAT07 S.r KIKKAWA* H. AND ASHIDA (1958)  
































































































































































































































































































1 - 0 0  
1 - 0 0  
1 - 0 0  
1 - 0 0  
1 - 0 0  

















1 - 0 0  
1.00 
1 - 0 0  
1.00 
1.00 
1 - 0 0  
1.00 
1.00 





1 - 0 0  
1.00 
1.00 




1 - 0 0  
1.00 
1 - 0 0  
1.00 
1.00 

































































C O W .  TEMP. BF 
PPM DEG. C 

S I N  - DATA OF SIUGH, 8 .  (1960) 
(SHEET 1 OF 6 















































































































































































































































































































































































































CONC. TEMP. 6 F  
PPM D E G .  C 
SIN - DATA OF SINGH, 0 .  11960) 
















































































































































































































































































































































































































CONC. TEMP. BF 
PFM 0 E G . C  
S I N  - DATA OF SINGH B. (I 
(SHEET 3 OF 6) 





























































DEPTH SLOPE 050 
M S*lOOO HPl 

























































S P E C .  
GRAV . 
C O R t .  TEPIP. aF 
PPM D E G . C  
19P.0000 16.80 0 
290.0999 16.50 0 
238.0000 16.60 0 
323.0COO 17.20 0 
295.0000 17.20 3 
158.0000 13.40 2 
118.6000 13.40 2 
174.1000 13.40 2 
149.5030 13.40 2 
161.5000 13.40 2 
234.0000 13.40 0 
203.0000 13.40 0 
326.0000 13.40 0 
3i6.0000 13.40 3 
254.0000 13.40 0 
220.0000 13.40 0 
189.2000 13.40 0 
150.2000 13.20 2 
126.2000 13.20 2 
125.2000 14.10 2 
117.2000 14.10 2 
124.5000 14.10 2 
0.0 17.30 1 
123.5000 17.30 5 
23L.8000 17.30 2 
308.7000 17.30 2 
394.0000 17.30 0 
431,OCOO 17.30 0 
57S.0000 17.40 0 
496.0000 17.40 0 
502.0000 17.30 0 
583.0000 17.30 3 
51.5000 14.10 5 
265.0000 14.10 2 
262.0030 14.10 2 
333.0000 14.10 2 
402.0000 14.10 2 
0.0 17.40 1. 
144.6000 17.40 5 
369.0000 17.40 2 
339.0000 17.40 2 
353.0000 17.40 2 
555.0000 17.40 2 
512.0000 17.40 2 
608.0000 17.40 2 
583.0000 17.40 2 
556.0000 17.40 2 
247.0000 14.70 2 
342.0000 14.70 2 
243.0000 14.70 2 
458.0000 14.70 2 
526.0000 14.70 2 
215.0000 17.20 5 
365.0000 17.20 2 
426.0000 17.20 2 
SIN - DATA OF SINGH, B. (1960) 
















































































































































































































































































































































































































CONC. TEMP. BF 
wri  D E G . C  
SIN - DATA OF SINGH, 8 .  (19601 









































































































































































































































































































































































































































































































































































S I N  - DATA OF SINGH, 6 .  (1960) 



































































CONC. T E W .  












1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  
20 





















































SON - DATA OF SON19 J.P. [ 1 9 3 0 )  






































































1 .30  
1. 30 
1.30 











2 -65  
2 .65 
2.65 














CONC. TEMP. BF 
PPH DEG. C 
STE - DATA OF STEIN) R . A .  (1965)  
(SHEET 1 OF 21  














1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0 




















4 1  
42 








5 1  
5 2 
5 3  
5 4  
5 5  
DISCHARGE 































































































































































































































































































2 -65  
2.65 



































2 - 6 5  














CONC. TEMP. BF 
PPH 5 E G . C  
STE - DATA OF STEIN, R.A.  1 1 9 6 5 )  
(SHEET 2 OF 2 )  
ID DISCHARGE WIDTH DEPTH SLOPE D55 GRAD- SPEC. CONC. TEMP. 6F 















1 3  
1 4  
1 5  
16  
1 7  
1 8 
1 9  
2 0 






























STR - DATA OF STRAUB, L.G. (1954,19581 

































































































































CONC. TEFIP. BI: 
PPM DEG. G 
TAY - DATA OF TAYLOR, B.D. ( 1971 1 
























































































































































































































































































































































1 3  
1 4  
1 5  
DISCHARGE 
u s  
VAB - DATA OF VANONI, V.A. AND BROOKS, N.H. (1957)  
































































1 - 3 8  





















C O W .  TEMP. 





































VAH - DATA OF VANONI, V.A. AND HHANG 119651 




























































































PPM DEG. E: 
WLL - DATA OF WILLIS,  J.C. f 1979) 
(SHEET 1 OF 11 














































































































































































































































CONC. TEMP. BF 
PPM DEG. C 











































































































































































WLM - DATA OF WILLIAMS, G.P. (1970 
(SHEET 1 OF 4) 
DEPTH SLOPE 



























































CONC. TEMP. BF 
PPM DEG. C 

WLH - DATA OF WILLIAMS, G.P. (1970) 








































































































































































































































C O X .  TEN'. BF 
PPN C E G - C  

WLS - DATA OF W I L L I S ,  J.C., COLEMAN, N.L.  AND E L L I S ,  W.M. (19721 






































































































































































































































































































































































































































































WLS - DATA OF WILLIS, J.C., COLEMAN, N.L. AND ELLIS, W.M. (1972) 


















































































































































































































































































































































































































1 3  
1 4  
1 5  
1 6  
1 7  
1 8  

























4 4  






5 1  
52  
5 3  
5 4  






































































































































































































































050 GRAD- SPEC. CONC. TEMP. BF 
MM ATION GRAV. PPM DEG. C 

WSA - DATA OF U.S. WATERWAYS EXPERIMENT STATION (1935A3 






















1 3 1  
132 





1 3 8  
139  
140 
















1 5 7  
158  
159 
16  0 










































































































































































































































050 GRAD- SPEC. CONC. TEMP. 6F 
MM ATION GRAV. PPM DEG. C 
WSA - DATA OF U.S. WATERWAYS EXPERIMENT STATION (1935A3 






























































































































































































































































































D50 GRAD- SFEC. CONC. TEMP. BF 
MM ATION GRAV. PPH D E G . C  

WSA - DATA OF U.S. WATERWAYS EXPERIMENT STATION C1935A) 






























































































































































































































































































050 GRAD- SPEC. CONC. TEMP. BF 
MM ATION GRAV. PPM DEG. C 

































































































































































































































































































CONC. TEMP. BF 
PPH OEG. C 

WSL - DATA OF U.S. WATERHAYS EXPERIMENT STATION I1936C1 
















































































































































































































































































































































































































CONC. TEMP. SF 
PPPt D E G . C  

















































































































































































































































































































































































































CONC. TEMP. 6F 
PPN D E G - C  
WSL - DATA OF U.S. WATERWAYS EXPERIMENT STATION [1936C) 






































1 4 7  
1 4 8  
1 4 9  
150 







1 5 8  
159 
160 










































































































































































































































050 GRAD- SPEC. CONC. TEMP. BF 
KM ATION GRAV. PPM DEG. C 
WSL - DATA OF U.S .  WATERWAYS EXPERIMENT STATION 11936Cl 
I D  
NO. 
166 






















1 8 9  
190 























2 1 4  











































































































































































































































D50 GRAD- SPEC. CONC. TEEIP. BF 
MM ATION GRAV. PPM DEG. C 
























































2 7 4  





































































































































































































































D ~ O  GRAD- SPEC. caw.  TEHP. BF 



















































WSL - DATA OF U.S. WATERWAYS EXPERIMENT STATION f1936C3 
(SHEET 6 OF 6 3 


















































D50 GRAD- SPEC. CONC. TEMP. BF 
MM ATION GRAV. PPH DEG. C 
WSS - DATA OF U.S. WATERNAYS EXPERIMENT STATION (19368) 
[SHEET 1 OF 6 1  
I D  DISCHARGE WIDTH DEPTH SLOPE 050 GRAD- SPEC. CONC. TEMP. BF 
























































ElSS - DATA OF U.S. WATERWAYS EXPERIMENT STATION (19369) 







6 1  
62 
63 






































































































































































































































































































































































































*CONC. TEMP. BF 
PPM DEG. C 
WSS - DATA OF U.S. WATERNAYS EXPERIMENT STATION 119368) 















































































































































































































































































































































































































CONC. TEN?. SF 
PPN DEG. C 
/' 

















































































































































































































































































































































































































CONC. TEPIP. BF 
PPM DEG. C 
WSS - DATA OF U.S. WATERWAYS EXPERIMENT STATION (1936B)  
























2 4 3  
2 44 




































































































































































































































































D50 GRAD-  SPEC. CONC. TEMP. BF 
Rid ATION GRAV. PPP1 DEG. C 











































































































































































































































































































































WTT - DATA OF U.S. WATERWAYS EXPERIMENT STATION 119358) 















































































PPM DEG. C 
ZNA - DATA OF ZNAMENSKAYA, N.S. (1963) 

























































































































































































































































































































































ACP - ACOP CANAL DATA OF MAHHOOD, ET AL.Il9791 
(SHEET 1 OF 31 















































































































































































































































































































































































































CONC. TEMP. BF 
PPM DEG. C 
ACP - ACOP CANAL DATA OF MAHMOOD, 
(SHEET 2 OF 3 )  
I D  
NO. 
DISCHARGE WIDTH DEPTH SLOPE D50 
L/S M M S*lOOO MM 
GRAD- SPEC. 
ATION GRAV. 
CONC. TEMP. BF 























































































ACP - ACOP CANAL DATA OF MAHMOOD, ET AL.[19791 
























































































































































































































CONC. TEMP. BF 
PPN DEG. C 
ID 
NO. 
AMC - AMERICAN CANAL DATA OF SIMWS, D.8. (1957) 
[SHEET 1 OF 1) 
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. 
U S  M M S~1000 MN ATION GRAV. 
CUNC. TEMP. 












ATC - ATCHAFALAYA RIVER DATA OF TOFFALET1,F.B. ( 1 9 6 8 )  
(SHEET 1 OF 2 )  













































































































































































050 GRAD- SPEC. CONC. TEMP. EF 
MM ATION GRAV. PPM DEG. C 




5 8  
5 9  
60 
6 1 






6 8  
6 9  
ATC - ATCHAFALAYA RIVER DATA OF TOFFALET1,F.B. ( 1 9 6 8 )  



































































































PPN DEG. C 
CHI - CANAL DATA OF CHITALE, S.V. 11966) 
(SHEET 1 OF 1 )  














1 3  
1 4  
1 5  
1 6  
1 7  
1 8  

































































































































































































































































CUP - CHOP CANAL DATA OF CHAUDHRYI ET AL. (1970) 

















































































































































































PPM DEG. C 

























































COL - COLORADO RIVER DATA OF U.S. BUREAU OF RECLAHATION (1958) 














050 GRAD- SPEC. C G K .  TEMP. BF 
MH ATION GRAV. PPtI DEG. C 

































































































































































































































































































CONC. TEMP. BF 
PPH DEG. C 








1 1 7  
1 1 8  
1 1 9  
120  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
126  
1 2 7  
1 2 8  
1 2 9  
130  
1 3 1  
COL - COLORADO RIVER DATA OF U.S. BUREAU OF RECLAMATION (1958) 
(SHEET 3 OF 3 )  
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. 
L/S M M S*lOOO MM ATION CRAV. 
CONC. TEMP. 
PPH DEG. C 

LED - RIVER DATA OF LEOWLD, L.B. (1969) -- NOT VERIFIED 
[SHEET 1 OF 21 













































































































































































D50 GRAD- SPEC. CONC. TEMP. BF 
MH ATICN GRAV. PPM D E G . C  
ID 
NO. 
LEO - RIVER DATA OF LEOPOLD, L.B. ( 1 9 6 9 )  -- NOT VERIFIED 
(SHEET 2 OF 2 )  
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC.  C O W .  TEN?. 
L/S H M S*lOOO MM ATION GRAV. PPH DEG. C 











1 0  
I1 
1 2  
1 3  
1 4  
15 
1 6  
1 7  
18 


















3 7  
3 8  
M I D  - MIDDLE LOUP RIVER DATA OF HUBBEL, D.W. AND MATEJKA, D.Q. (19593 

































































































































































D50 GRAD- SPEC. CONC. TEMP. 6F  
MM A T I O N  GRAV. PPM D E G .  C 
H I S  - M I S S I S S I P P I  RIVER DATA OF TOFFALETI, F.B. (19681 
I D  DISCHARGE WIDTH 
NO. L I S  M 





































































































































































































































CONC. TEMP. BF 
PPM DEG. C 

MIS - MISSISSIPPI RIVER DATA OF TDFFALETI, F.B. (1968) 














































































































































































050 GRAD- SPEC. CONC. TEMP. BF 












1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 





2 4  
MOR - MISSMlRI  RIVER DATA OF SHEN, H.W., HELLEMA, AND HARRISON ( 1 9 7 8 )  
(SHEET 1 OF 11 
DISCHARGE WIDTH DEPTH SLOPE 0 5 0  GRAD- SPEC. CONC. TEMP. BF 
L/S H M S*lOOO MM ATION GRAV. PPM DEG. C 
MOU - MOUNTAIN CREEK DATA OF EINSTEIN, N.A. 119441 
















































































































































































































































































































































































































CCNC. TEMP. 8F 
PPM DEG.  C 






























































































HOU - MOUNTAlN CREEK DATA OF EINSTEIN, H.A. (1944) 










































































































































































































































































































































NED - SOUTH AMERICAN RIVER AND CANAL DATA CF NEDECO (1973) 
(SHEET 1 OF 3 )  
ID DISCHARGE WIDTH 



















































































































D50 GRAD- SPEC. CONC. TEMP. SF 


























































NED - SOUTH AMERICAN RIVER AND CANAL DATA OF NEDECO (1973) 





































































































































































































































D50 GRAD- SPEC. CONC. TEI-IP. GF 
MM ATION GRAV. PPH DEG. C 
NED - SOUTH AMERICAN R I V E R  AND CANAL DATA OF NEDECO (1973) 
(SHEET 3 OF 3 )  
I D  DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. CDNC. TEIYP. EF 
NO. L/S M M S*lOOO MN ATION GRAY. PPN DEG. C 
NIO - NIOBRARA RIVER DATA OF COLBY AND HEMBXEE 11955) 














1 3  
1 4  
1 5  
16  





















































































































































































































































































CONC. TEMP. BF 
PPM DEG.  C 
NSR - N.  SASKATCHEWAN A .  AND ELGOW R. DATA OF SAMIDE, G.W. (1971) 
















































































































































































































































































































































































































CONC. TEE?. BF 





OAK - OAK CREEK DATA OF MILHOUS, R.T. 11973) 
(SHEET 1 OF 1) 
WIDTH DEPTH SLOPE D5D GRAD- SPEC. 
M M S+lOOO MM ATION GRAV. 
CDNC. TEMP. 
PFM DEG. C 


POR - WRTUGAL RIVER DATA OF DA CUNHA, L.V. 11969) -- NOT VERIFIED 
(SHEET 3 OF 41 






































































































































































































































D50 GRAD- SPEC. COHC. TEEIP. EF 
MI1 ATIOM GRAV. PPM D E G . C  
POR - PORTUGAL RIVER DATA OF DA CM\!A, L.V. (1969) -- NOT VERIFIED 









































































































































































































































































































































































































CONC. TEflP. 8 F  
PPM 0 E G . C  














1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0 










































RED - RED RIVER DATA OF TOFFALETI, F.B. (19661  


































































s a o o o  































































































PPM OEG. C 
RGC - R I O  GRANDE CONVEYANCE CHANNEL; CULBERTSON, SCOTT AND BENNETT ( 1 9 7 6 )  











1 0  
11 
12  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  




2 3  
2 4  
2 5  
26 
2 7  
2 8  
2 9 
30  
3 1  
32  
3 3  
DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. 
L/S M M sv looo  ~n ATION GRAV. 
CONC. TEMP. BF 
PPX 0 E G . C  
RGR - R I O  GRANDE RIVER DATA OF NORDIN, C.F. AND BEVERAGE, C.P. (l?651 
DISCHARGE 






















































































































































































































































































































































CONC. TEMP. BF 
PPM DEG. C 
RGR - RIO GRANDE RIVER DATA OF NORDIN, C.F. AND BEVERAGE, C.P.  (19651 























































































































































































































































































































































CONC. TEMP. BF 
PPM DEG. C 
RGR - R I O  GRANDE RIVER DATA OF NORDIN, C.F. AND BEVERAGE, C.P. (1965)  











1 1 9  
120 
















1 3 7  
1 3 8  
1 3 9  
140 































































































































































































































































CONC. TEMP. EF 
PPM DEG. C 

RGR - R I O  GRANDE R I V E R  DATA OF NORDIN>  C.F. AND BEVERAGE, C .P .  (19651 
(SHEET  5 OF 6 1  





































































































17131 . l 7 6  
19141.605 






















































































































































































D50 GRAD- SPEC. CONC. TEMP. BF 
MM ATION GRAV. PPM D E G - C  




















RGR - R I O  GRANDE RIVER DATA OF NORDIN, C.F. AhD BEVERAGE, C.P. (1965) 


























































































































PPM DEG. C 








































R I O  - RIO  GRANDE NEAR GERNALILLO, NH, DATA OF TOFFALETI, F .6 .  ( 1 9 6 8 )  



































































































































































SPEC. CONC. TEPF. 6F 
GRAV . PPM DEG. C 
I D  
NO. 
SNK - SNAKE AND CLEARWATER RIVER DATA OF SEITZ, H.R. 11976) 
(SHEET 1 OF 1) 
DISCHARGE WIDTH DEPTH SLOPE 050 GRAD- SPEC. CONC. TEMP. 
L/S M n s+10oo HM ATION GRAV. PPM BEG. c 
lRI - T R I N I T Y  R IVER DATA OF KNOTT, J .El .  ( 1 9 7 4  1 
(SHEET 1 OF -1) 
I D  DISCHARGE WIDTH DEPTH SLOPE D50 GRAD- SPEC. CCNC. TEMP. BF 
NO. L I S  M M S*lOOO MM ATION GRAV. PPH D E G . C  
